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Introduction by the Consulting Engineers and Land ¯ Clustering residential density often conflicts with demonstrated

Surveyors of California (CELSOC) preferences of homebuyers

BASMAA’s second edition of "Start at the Source" focuses on̄  Reduced pavement widths often conflict with public safety issues
the importance of considering storm water quality in the early
stages of planning and designing new land development projects.¯ The ideal of alternative means of transportation conflicts with

Americans’ love of their automotive freedom;
The implementation of permanent "best management practices"
is the most recent newcomer to a list of activities which havē The ever growing demand on limited public funds makes the
stormwater quality as their goal. These efforts include height- maintenance of new pollution control systems difficult.
ening public awareness, care in construction practices, and the
dedication of public agencies to increased maintenance effortsMost of all, the need for viable new development projects can

related to stormwater quality, conflict with local, regional, and other agencies’ unfortunate
vision of new growth as a source of revenue to help solve social

The planning of new projects is not only an activity conductedand environmental problems which were either created by past
by planning and engineering professionals, it is equally an ef-practices or are more reasonably the responsibility of society in
fort on the part of cities and counties to make sometimes-diffi-general. These "legacies" include diminishing wetlands, endan-
cult choices among public benefits, which are often mutuallygered species, school funding shortfalls, deteriorating transpor-
exclusive. This process involves local agencies deciding what istation systems, lack of low cost housing,and even demands for
most important to their community within a range of projectchild care. Adding stormwater quality to this list must be re-
acceptability and feasibility. Many of these conflicting issuessisted.
are pertinent to the subject at hand, and are touched on in this
guidance manual. We encourage Federal, State, and especially local agencies con-

. Providing compact development may conflict with the idea ofsidering these guidelines to proceed in partnership with all sec-

minimizing impervious area tors of private business and with the professional planning and
engineering community to provide reasonable, equitable, respon-

¯ Engineering solutions to high groundwater and expansive soils con-    sible and cost effective means of improving water quality.
flict with the desire to trap and percolate storm drainage;

Rodney T. Andrade
subcommittee chairman
Consulting Engineers and Land Surveyors

of California

Consulting Engineers and Land Suv/eyors of California (CELSOC) is a statewide
association of 850 professional engineering and land surveying firms in private
practice which are dedicated to enhancing the consulting engineering and land
surveying professions and protecting the general public.

vi Star~ at the Source
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Introduction by the American Society of professional attention has been given to direct stream and wet-
Landscape Architects land protection, strategies for minimizing impacts of new de-

velopment on watersheds have been less well articulated. This
Landscape architects are involved with design issues at everymanual is an important step in showing how watershed protec-
scale, from the setting of a catch basin to the layout of newtion can be achieved in urban and suburban development.
towns. They deal principally with making places between build-
ings and the systems that link buildings and people together onThrough its integrative approach and illustrative method, "Start
the land. At the core of this place-making is grading and drain-at the Source" shows how new development can be designed
age- the shaping of the land to manage stormwater and accom-and built to meet functional and market demands while pro-
modate human use. tecting water resources. It balances broad concepts with practi-

cal details. It provides a rationale for the design of places and
Historically, grading and drainage design has largely neglectedthe selection of building materials. It bridges the traditional gap
the environmental implications of stormwater runoff. In thebetween landscape architecture and civil engineering.
past few years, we have begun to recognize the effect of storm-
water runoffon environmental quality, especially on watershedFinally, and perhaps most importantly, it shows how drainage
and stream health. Today’s designers must consider not onlysystems can be integrated into overall site planning and land-
flood control and protection of property, but also how to mini-scape architecture to form the basis of practical, cost-effective,
mize the creation of new runoff, and how to minimize the pol-environmentally responsible, and aesthetically pleasing design.
lutants carried in that runoff.

The link between development and the quality of our environ-
ment is becoming increasingly evident. Though considerable Jim Dalton, Executive Vice President

American Society of Landscape Architects

The American Society of Landscape Architects is a professional association of
over I 1,000 members whose mission is "the advancement of the art and science
of landscape architecture by leading and informing the public, by serving
members, and by leading the profession in achieving quality in the natural and
built environment."

http://www.asla.org/asla/
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How to use this book After construction, other practices must be employed for proper
This document is intended for use in the planning and designmanagement of properties and facilities to prevent introduc-
phases of residential, commercial, institutional and industrialtion of pollutants into the storm drain system. These "best man-
development and redevelopment. It recognizes that one of theagement practices," such as proper storage and disposal ofchemi-
best opportunities to reduce the generation of urban runoff orcals, recycling of used oils, and community education, are also
"nonpoint source pollution" (see glossary) from development istreated elsewhere. For a principal source of information on best
through planning and design. Once developments are built, itmanagement practices after construction see the California Storm
is very difficult and expensive to correct land use patterns andWater Best Management Practice Handbooks.
storm drain systems that contribute to urban runoff.

Along with planning, design, and management practices, effec-
Because the principles and techniques described here informtive maintenance and operation of control measures is as criti-
basic siting and design considerations, they will be easiest tocol as proper selection and design. Many of the control mea-
incorporate and most effective if explored early in the planningsures and practices presented in this manual capture and retain
and design phases of a project. Because of the wide variety ofstormwater pollutants. It is important to establish a mainte-
development sites in the Bay Area -- such as infill, hillside, andnance and monitoring program to ensure that the systems func-
redevelopment -- and the wide array of regulations facing thetion as designed, and that over the long term pollutants do not
development community, many of which are potentially in con-accumulate to unacceptable or toxic levels. Maintenance re-
flict with each other, this document suggests design and plan-quirements for specific site design and landscape details are dis-
ning strategies for adaptation to each particular condition rathercussed in Chapter 8.
than defining specific solutions for every case.

This guidance manual is not intended as a prescriptive docu-
During the construction phase additional strategies must bement mandating that all projects adopt all the ideas presented
employed to minimize erosion and the introduction of otherhere. Rather it is a menu of choices to illustrate a design phi-
pollutants into stormwater runoff. These temporary strategies,losophy and approach. Once the basic approach is understood,
such as silt fencing, straw-bales, and erosion control matting,it is envisioned that each project team will adopt or adapt those
are documented elsewhere. For information on stormwater man-solutions that best suit the unique circumstances of each site.
agement during the construction phase, see the California Storm
Water Best Management Practice Handbooks (Construction Ac- The approach presented here implies some different ways of

tivi~y) and the Manual of Standards for Erosion & Sediment Con- handling stormwater. Answers to frequently asked questions

trol Measures by the Association of Bay Area Governmentscan be found on page 150.

(ABAG).

This manual is not intended as a

prescriptive document mandating

that all projects adopt all the ideas

presented here. Rather it is a

menu of choices to illustrate a

design philosophy and approach.

viii Start at l~e Source
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"~his Manual has been prepared for the Bay Area Stormwater geographical, hydrological and market conditions found in the

Management Agencies Association (BASMAA), an association San Francisco Bay area, and must be adapted to specific site

of regional stormwater quality agencies around the San Fran- conditions.

cisco Bay and Delta.

For planners, designers and engineers accustomed to approach-

Finding that the way we design and build communities has a ing stormwater management as a challenge in controlling large

direct effect on water quali~ BASMAA hasprepared this Manual concentrated flows, the approach presented here may require a

with a focus on residential, commercial and industrial develop- shift in thinking. Rather than considering only the large, in~e-

ment, including new development, infill development and rede- quent storms normally associated with drainage and flood con-

velopment. It aims to help designers, developers, and municipal trol, this document focuses on the small, ~equent storms that

agencies cream communities that achieve water quality goals, have the most impact on urban water bodies, and shows how

controls for smaller storms can be integrated into a comprehen-

The Manual attempts to communicate basic stormwater man- sive drainage system. Also, rather than considering the generally

agement concepts and to illustrate simple, practical techniques more expensive and complicated end-of-pipe solutions, this docu-

to preserve the natural hydrologic eycle. These techniques are com- ment seeks to illustrate the simpler, more economical stormwater

bined in a series of case studies to show how they may be inte- management opportunities presented by starting at the source.

grated into projects. These case studies reflect the wide range of

The way we design and build

communities has a direct

effect on water quality.

Bay A~ea Stormwater Management Agencies Assoclarlon

C--096536
(3-096536



The Hydrologic Cycle generate runoff, which collects pollutants and sediments, and is
The continuous circulation of the earth’s water from sky to landconcentrated in narrow channels or pipes. This rapid, concen-
to sea to sky is called the Hydrologic Cycle. ~ trated water flow can affect the hydrologic cycle in four ways:

increased volume of flow which could mean increased flood
In its natural condition, soil is covered with a complex matrixpotential, minimized impacts on channel destabilization, in-
of mulch, roots and pores which absorb rainwater. As rainwatercreased concentration of pollutants, and reduced groundwater
infiltrates slowly into the soil, impurities are cleansed by naturallevels. 2
biologic processes. Because most rain storms are not large enough
to fully saturate the soil, only a small percentage of annual rain-Builders can avoid these negative impacts by designing devel-
water flows over the surface as runoff. What does become run-opments with stormwater systems that preserve and restore the
offusually travels in a slow meandering pace which allows sus-natural hydrologic cycle.
pended particles and sediments to settle. In the natural condi-
tion, the hydrologic cycle creates a stable supply of groundwa-
ter, and suri~ace waters are naturally cleansed of impurities (al-
though some sediment is carried with the flow) before arrival
into the sea.

The impervious surfaces associated with urbanization prevent
water from infiltrating into the soil. Even the smallest rainstorms

Precipitation                                                                  Precipitation
Runoff

Runoff

The hydrologic cycle
In pre-development landforms, a large percentage ofprecipi- In Post-development, opportunities for infiltration are typi-

tation infiltrates into the soil. A small percentage remains oncally reduced, and a larger proportion of total precipitation be-

the surface as runoff, comes surface runoff.

2 Start at t~e Source
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Regulatory Context The federal NPDES permit program requires that subject mu-
As rain falls, it picks up pollutants from the air. Then as it be-nicipalities "develop, implement and enforce controls to reduce
comes runoff it collects more impurities while passing over roof-the discharge of pollutants from municipal separate storm sew-
tops, streets, parking lots, landscaping, and gutters. This runoffers which receive discharges from areas of new development and
typically enters a storm drain system that rapidly conveys it,significant redevelopment... [including] after construction is
untreated, to a lake, creek, river, bay or ocean. With the progresscompleted.’’4

made in the past twenty-five years in controlling pollution from
factories and other industrial point sources, this concentrationWithin this regulatory context, developers and municipal per-

of pollutants from various dispersed sources- nonpoint sourcemitring agencies are required to implement controls that re-

pollution - is today responsible for over half of the water qual-duce water pollution carried in runoff. These techniques may

ity problems in waters of the United States) include storage (detention), filtration, and infiltration practices.

The Clean Water Act of 1972, as amended in 1987, prohibitsThe Nationwide Urban RunoffProgram and recent studies "in-

the discharge of pollutants into waters of the United States un-dicate that planning and designing for the minimization of pol-

less the discharge is in compliance with a National PollutantIutants in stormwater discharge is the most cost effective ap-

Discharge Elimination System (NPDES) permit. Most largeproach to stormwater quality management." Reducing poilu-

population centers are already subject to NPDES permits, andtion in stormwater by preventing or reducing the discharge of

smaller population centers may be required to comply in thepollutants at the source is a technically sound and cost effective

next few years. Certain industries and construction projectsstrategy to bring development into compliance with Federal law.

specified by the U.S. Environmental Protection Agency must
also obtain an NPDES permit in order to discharge stormwater
runoff. Thus most Bay Area cities, and most large development
projects, must comply with NPDES permit requirements.

phosphates

nitrogen pesticides

heavy metals
naturally occurring
compounds

oil

sediments

What’s in a drop of runoff?
Pre-development runoff generally contains water and a low Post-development runoffcontains water and a variety ofpol-
concentration of naturally occuring compounds, lutants collected and concentrated from impervious surfaces.

Bay Area Stormwater Management Agencies Association 3
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Infiltration and the risk of groundwater contamination The risks associated with groundwater infiltration can be man-
The purpose of this manual is to encourage landscape designsaged by:
and features that mitigate increases in site runoffby promoting
infiltration through the soil. Allowing rain and runoff to infil- ¯ Designing landscape drainage features so that they promote

trate into the soil reduces the quantity of pollutants reaching infiltration of runoff, but do not inject runoff so that it

local streams and San Francisco Bay. When implemented bypasses the natural processes of filtering and transforma-

throughout a stream’s watershed, infiltration protects the stream tion that occur in the soil.

from increased peak flows, which can cause down-cutting, bank ¯ Taking reasonable steps to prevent the illegal discharge of

erosion, sedimentation, and losses to property and habitat. The wastes to drainage systems.

Regional Water Quality Control Board encourages the use of
The designs in this book promote infiltration only to the top

infiltration as a strategy to manage urban runoff and to help
10 feet of soil. In general, designs that disperse runoffover land-

protect the beneficial uses of streams and San Francisco Bay.
Regional Board staff’expects that, as part of their NPDES-per-scaped areas, or through permeable surfaces, are the most effec-

mitted stormwater management programs, municipalities willtire, easiest to maintain and have lowest initial costs. These de-

encourage developers to implement the designs and methods
signs also minimize the risks of illegal disposal because the surface

described in this manual, is visible and the infiltration rate (per unit area) is relatively low.

For some sites, it may be feasible to use detention basins or dryHowever, any drainage feature, including many of those de-
wells to infiltrate additional runoffin a more compact area. When

scribed in this book, that infiltrates runoff poses some risk of
potential groundwater contamination. The Regional Water

these techniques are used, the designer should consider the po-
tential for illegal disposal or chemical spills. Detention basinsQuality Control Board prohibits the unauthorized construc-
and dry wells should not drain, or be located near, work areastion or use of any "artificial excavation for the purpose of ex-

tracting water or injecting water into the underground."5 Thewhere wash-waters or liquid wastes are generated or where haz-
ardous chemicals are used or stored. If dry wells are used, there

"Explanation of Policy" attached to Regional Board Resolution
should be a sufficient thickness of unsaturated zone bdow the

81 states: "wells used to dispose of sewage and surface drainage
bypass the normal processes of nature that occur at or near thedry well to allow natural processes to function effectively. De-

surface of the soil. The use of such wells may allow for injection
tention basins and dry wells should be clearly marked with a
"no dumping" message and should be inspected regularly by

of waste into subsurface strata rapidly and unchanged in chemical
the municipal stormwater management program. In some ju-quality." Illegal disposal of chemical wastes into dry wells and
risdictions, the local groundwater management agency may re-

chemical spills have contaminated groundwater in some loca-
tions in the Santa Clara County. In some cases, the contamina-    quire that detention basins, dry wells and similar structures be

permitted at the time of construction. Always check with the
tion is severe,                                               local groundwater management agency and municipality for

construction standards and permitting requirements.

4 Start at l~e Saurce
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Impervious land coverage as an environmental indicator

A new environmental indicator is emerging to measure the healththat in 1904, 93 percent of the roads in America were unpaved.
of urban watersheds -- impervious land coverage.6 With the ascendancy of the automobile in the mid-twentieth

century, the interstate highway system, and the growth of sub-
Impervious land coverage is a fundamental characteristic ofur-urbia, the percentage of impervious surfaces increased dramati-
ban and suburban areas. The rooftops, roadways, parking areas,cally. A prime contributor to the increase of impervious land
and other impervious surfaces of development cover soils that,coverage is the residential street network - since World War II,
before development, allowed rainwater to infiltrate. By depriv-typical residential street widths have increased by 50%.
ing the soil of its ability to infiltrate rainwater, a host of envi-
ronmental consequences follow. An increasing body of scientific research, conducted in many

geographic areas and using many techniques, supports the theory
One of the environmental consequences of impervious land cov-that impervious land coverage is a reliable indicator of stream
erage is stream degradation. Impervious surfaces associated withdegradation. Furthermore, impervious land coverage is a prac-
urbanization cause stream degradation in four ways: tical measure of the impact of development on watersheds be-

cause:
1. Rainwater is prevented from infiltrating into the soil, where ¯it is quantifiable, meaning that it can be easily recognized
it can recharge groundwater, reducing base stream flows.

and calculated.

2. Because it cannot infiltrate into the soil, more rainwater runs ¯ it is integrative, meaning that it can estimate or predict cu-

off, and runs off more quickly, causing increased flow volumes, mulative water resource impacts independent of specific

accelerating erosion in natural channels, and associated reduc- factors, helping to simplify the intimidating complexity

tion of habitat and other stream values. Flooding and channel surrounding nonpoint source pollution.

destabilization may require construction to channelize thē  it is conceptual, meaning that it can be easily understood by
water resource scientists, municipal planners, landscape ar-stream, with further loss of natural stream uses.
chitects, developers, policy makers and citizens.

3. As runoff moves over large impervious areas, it collects andWater resource protection at the local and regional level is be-
concentrates nonpoint source pollutants - pollution from cars,coming more complex. A wide variety of regulatory agencies,
roadways, parking lots, rooftops, etc. - increasing pollution indiverse sources ofnonpoint source pollution, and a multitude
streams and other water bodies, of stakeholders makes it difficult to achieve a consistent, easily

understandable strategy for watershed protection. Impervious
4. Impervious surfaces retain and reflect heat, causing increasesland coverage is emerging as a scientifically sound, easily com-
in ambient air and water temperatures. Increased water tern-municated, and practical way to measure the impacts of new
perature negatively impacts aquatic life and reduces the oxygendevelopment on water quality.
content of nearby waterbodies.

This document illustrates a variety of site planning principles
Impervious surfaces can be defined as any material that pre-and design techniques for development. They all aim to reduce
vents or reduces the infiltration of water into the soil. Whileimpervious land coverage, slow runoff, and to maximize oppor-
roads and rooftops are the most prevalent and easily identifiedtunities for infiltration of rainwater into the soil.
types of impervious surface, other types include sidewalks, pa-
tios, bedrock outcrops, and compacted soil. As development
alters the natural landscape, the percentage of the land covered
by impervious surfaces increases.

Roofs and roads have been around many years, but the ubiqui-
tous and impervious pavement we take for granted today is a
relatively recent phenomenon. A nationwide road census showed

Bay Area Stormwater Management Agencies Association 5

C--096540
(3-096540



Impervious land coverage thresholds Sensitive streams generally have stable channels, good water
A certain amount of impervious land coverage is unavoidablequality and good stream biodiversity. Degrading streams gen-
in any development. Rooftops, by definition, must prevent in-erally have unstable channels, fair water quality and biodiversity.
filtration of rainwater. Circulation systems- roads, parking, drive-Non-supporting streams may have highly unstable channels, fair
ways- are the other, and usually most extensive, component ofto poor water quality and poor stream biodiversity,r

impervious land coverage. For planners, designers and regula-
tors, the essential question is at what threshold of imperviousThese impervious land coverage percentages must be measured

land coverage does significant stream degradation begin? across an entire site or development area. Sometimes lower overall
impervious coverage can be achieved by clustering development

Many recent studies have evaluated stream and wetland healthat higher densities on one portion of a site, while maintaining
using many criteria such as pollutant loads, habitat quality, andopen space elsewhere.
aquatic species abundance and diversity. These studies consis-
tently show that significant water quality impacts begin at im-Given land values and population densities in the Bay Area, less

pervious land coverage levels of as little as 10%. At imperviousthan 30% overall impervious coverage may be difficult to attain

land coverage over 30%, impacts on streams and wetlands be-in many basins of a water resource. Even in higher density de-

come more severe, and degradation is almost unavoidable with-velopments, the impact of impervious land coverage can be miti-

out special measures, gated by a variety of site planning and design techniques, which
are illustrated in the following pages.

These impacts on stream health include:
¯ Creation of significant "new runoff," because soil that wouldThese techniques have three basic goals:

normally absorb rainfall is covered with impervious sur- * to minimize overall impervious land coverage and maxi-

faces, mize infiltration,
¯Streams receive greater flows more frequently. For example, ¯ to minimize as much as practical remaining impervious ar-

eas that are not-directly-connected to the storm drain sys-flow equal to a pre-development 2-year storm may occur
every 2-3 months after development, tern, and

¯ The stream channel may need to enlarge itself to contain̄  to slow runoffwithin a drainage system.

increased flows, causing stream bank erosion and loss of
habitat.

S̄tream bank erosion produces sediment which settles where
and when velocities slow, covering aquatic vegetation and
fish spawning beds, furthering the loss of habitat.

These studies suggest that three broad categories can be estab-
lished using simple numeric thresholds illustrating the general
relationship between impervious land coverage and stream health
(exact thresholds/percentages may vary depending on region):

Impervious land coverage Stream health

< 10% "sensitive"
> 10 and < 30% "degrading"
> 30% "non-supporting"

6 Start at the Source
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Two approaches to stormwater management

The conveyance approach to stormwater management seeks The infiltration approach to stormwater management seeks
to "get rid of the water." A conveyance stormwater system col-to "preserve and restore the hydrologic cycle." An infiltration
lects and concentrates runoff through a network of imperviousstormwater system seeks to infiltrate runoff into the soil by al-
gutters, drainage structures and underground pipes. As the con-lowing it to flow slowly over permeable surfaces. These perme-
veyance system flows downstream, additional tributary convey-able surfaces can double as recreational and landscape areas dur-
ance systems feed into it, requiring it to be continually enlargeding dry weather. Because the infiltration network allows much
as it approaches its outfall. Because the system collects waterof the runoff to return to the soil, overall runoff volume is re-
from impermeable surfaces and carries it through imperviousduced, and more water is available to replenish groundwater
pipes, suspended pollutants are concentrated in the rapidly flow-and maintain stream base flows. The slow flow of runoff allows
ing runoff. When the system reaches its outfall, large volumespollutants to settle into the soil where they are naturally miti-
of polluted water can be emptied, untreated, into a natural wa-gated. The reduced volume of runoff that remains takes a long
ter body. time to reach the outfalI, and when it empties into a natural

water body, its pollutant load is greatly reduced.
Several factors contribute to stormwater degradation in a con-
ventional development. Large paved roadway surfaces create andA development designed for stormwater quality generates less
collect runoff. Building sites may be graded severely, removingrunoff because overall impervious land coverage is reduced
natural vegetation that absorbs runoff. The curbs, gutters andthrough clustering and other means. Building sites are fit into
catch basins collect runoff and carry it rapidly, providing littlethe contours, and preserve vegetation as far as feasible. The drain-
opportunity for infiltration. In this way, large quantities of run-age system attempts to slow runoff, and provides opportunities
off are created and carried in a short time to the outfall of afor it to filter into the soil. In dry weather these infiltration
conveyance stormwater system, carrying sediments and otherareas can be used for recreation or wildlife habitat. Smaller run-
pollutants as a fast flowing untreated discharge into the bay. offvolumes are created overall, and these volumes take a longer

time to the outfall. When runofffrom an infiltration-based sys-
tem arrives, it’s cleaner, and moving more slowly as it empties
into the bay.

Conveyance Approach Infiltration Approach

Bay Area Stormwater Management Agencies Association 7
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A few basic concepts form the foundation for drainage systems Concepts

that preserve and restore the hydrologic cycle. Once these basic 2.1 Every site is in a watershed. Rain falls on every

concepts are understood, the ingenuity of designers, planners and site. What happens to the rain depends on the site’s place
in the larger watershed, and on the smaller watersheds within

builders can be applied to invent specific techniques for the spe- the site. From where does water enter the site? To where

cial requirements of any site. does it go? Understanding that a site has a position in the
larger context is essential to stormwater management.

2.2 Start at the source. What happens immediately af-
ter a drop of rain hits the ground? Rather than convey storm-

The concepts spring from an integrated, comprehensive approach water away for treatment at the end of a pipe, water quality
to stormwater management, considering each site’s uniqueposi- is most easily and economically achieved ifstormwater man-

agement starts at the point that water contacts the earth.
tion within a larger watershed, and each smaller watershed 2.3 Think smull, For decades planners, engineers and

within a site. builders have been trained to think big- to design systems
that will handle peak flows from the biggest storms. Yet a
significant amount of pollutants and flow-induced impacts

The application of these concepts consistently within a site will to streams are in the early rains and small storms. Design-
ing systems to accommodate the big storm is still essential

create a stormwater management approach that minimizes im- for protection of life and property, but small-scale tech-
niques, applied consistently over an entire watershed, can

pervious area, reduces direct connections between impervious areas have a big impact -- both improving stormwater quality
and the stormdrain system, and mimics natural systems while and reducing overall runoff volume.

2°4 Keep it simple. A wide variety of simple and effec-
being economical, aesthetically pleasing, and technically sound, tire strategies can be employed to achieve stormwater qual-

ity goals. Designed for the small storms, these simple strat-
egies often use natural methods and materials, and some-
times require a different kind of engineering or mainte-
nance than conventional modern drainage systems. By
employing an array of a few simple techniques throughout
a site, improved stormwater management can be achieved
economically with modest maintenance requirements, and
can often be cost-effectively integrated into larger, flood
control-type facilities.

2.5 Integrate the solutions. Providing stormwater man-

agement facilities is not a problem - it’s an opportunity. By
integrating solutions into the overall site plan, stormwater
facilities can provide recreational, aesthetic, habitat, and
water quality benefits.
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Everj site is in a watershed

Once a single drop of rain reaches the earth, its journey is deter- headwater

mined by the watershed in which it lands. A watershed is de- stream or creek

fined by the U.S. Environmental Protection Agency as " the geo-

graphic region within which water drains into a particular river,

stream, or body of water. ,8

A smallpuddle in an unevenfield reflects a tiny, localized wa-

tershed. At a neighborhood scale, gradual changes in elevation,

or man-made artifacts like roadways or railroad embankments

may define watersheds. Regionally, a range of mountain ridges

may create a watershed that is drained by a network of small
site

streams and creeks, each of which forms a tributary to larger
’~ay or ocean

water bodies, forming larger watersheds, all of which ultimately

empty into a lake, bay or ocean.

No matter where you are in a watershed, or at what scale of

watershed you are working, what you do on any particular site

always has effects on the overall hyrologic system. By understand-

ing that every site has a relationship to its adjoining watersheds,

by investigating the soil and hydrologic conditions of the site,

and by appreciating the micro-watersheds within each site, de-

signers can best achieve the overall objective: restoration and pres-

ervation of the natural hydrologic system.

Bay Area Stormwater Management Agencies Association 9
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Start at the source

When a single drop of rain lands, it is carried by gravity and Source control is cheapest
Ifrunoffis infiltrated or detained at its source (a) the least costs

sail physics downward into the soil. are incurred and maintenance is minimal. If runoff is carried
some distance and treated enroute (b), costs and maintenance
demands rise. Ifrunoffis carried directly to the outfall (c), cost

If the soil is covered with an impervious material, such as roof- for treatment controls are highest and most maintenance inten-

tops, concrete, or asphalt, the single drop of rain flows along sire.

whatever suqeace it encounters, moving downhill, joining with The most economical, simplest stormwater management op-

other drops of rain to create runoff,
portunities for water quality are at the source of the runoff.

If this runoff is collected in pipes and conveyed long distances

before treatment many opportunities for improved water qual-

ity are lost. "End of pipe"strategies, such as large retention ponds,
~ ......

~

can be important components of on overall stormwater manage- ,

ment system, but are more complex and costly than strategies ;

that start at the source. ~ I ,

at source enroute outfall

Small collection strategies, located at the point where runoff ini-                        distance from source

tially meets the ground, repeated consistently over an entire project,

will usually yieM the greatest water quality improvements for

the least cost.

Start at ~e Source
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Think small

Small storms add up. Because of theirj%quency, small storms, Small storms add up
Rainfall is distributed between relatively infrequent large storms

meaning storm sizes that recur once every two years or more and more frequent small storms. For example, in the Bay Area,
~equently, produce the vast majority of total runoffover time. approximately eighty percent of the total annual rainfall is pro-

duced by the accumulated contribution of the many small
In the BayArea, smallstorms account for eighty percent of total storms, the size that recurs every tkvo-years or less (two-year re-

annual rainfall, currence interval). These small storms typically produce between
0.5 to 1.25 inches of rain, depending on microclimate. By com-
parison, all of the larger storms combined (five, ten, twenty and
fifty year intervals) typically produce less than twenty percentBy targeting these small storms, rainfall can be managed for water
of the total annual rainfall.

quality through relatively small water quality systems. In this

way, managingf~equent small storms can address a large part of

the pollution problem.                                       ~

In the past, stormwater management has focused almost exclu-    ~

sively on flood protection. In the same way that a freeway de-

signed for rush hour traffic can easily handle the traffic on a l yr 2yr 5yr lOyr 20yr 50yr
storm return period

quiet weekend morning, stormwater systems that can accommo-

date flood flows are more than adequate to convey more fkequent

small storms. So, in designing onlyforfloodprotection, design-

ers have been able to neglect the small storm and its impacts.

With an awareness of the importance of small storms for water

quality protection designers now consider small storms, because

of their ~equency and cumulative impacts, as well as the inJ~e-

quent large rainfall event.

Bay Area Stormwater Management Agencies Association 11
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Keep it simple

The techniques illustrated in this document were purposefullySimple but effective

Because most stormwater management has generally been fo-
kept simple. Being simple, they are easy to understand. They arecused on complex, large systems, small, simple solutions may

also relatively easy and inexpensive to design, build and maintain,appear at first glance less effective. Yet simple solutions can be
just as effective, and must undergo the same rigorous engineer-

ing analysis as more complex approaches. The difference is that

To address the many diverse sites found in the Bay Area, this    the simple systems generally use lower technology materials and
rely on natural materials integrated with the landscape, rather

document illustrates a wide variety of techniquea; applicable to than mechanical or man-made processes, to manage stormwater.

different soils, sites, and conditions. It is not intended that all the

techniques illustrated here will be appropriate for each project, but

instead, thatplanners, landscape architects, and engineers select and

adapt those few that are most suited to a particular site.

A simple gravel strip, a concave instead ofconvexplanting area,

are simple, but effective strategies for integrating stormwater man-

agement into a site plan.

The best stormwater management system will rely on a few simple

techniques, applied consistently over an entire project or site.

12 Start a~ the Source
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Integrate the solutions

The stormwater management system can become an organizingDesign out the hazard, design in the people
Often environmentally sound stormwater management facili-

element for site planning and design. Infiltration devices, drain-
ties, such as retention basins, are fenced or hidden from view.

age swales, and retention areas can be integrated into a site planThis approach to stormwater management not only adds sig-
nificant "opportunity costs" through lost building sites or recre-

to improve aesthetics andprovide recreational resources, ational potential, but also sends a symbolic message that storm-
water is hazardous.

For example, a landscaped area, if slightly concave or depressed, There are legitimate concerns for safety and liability, but they
can usually be mitigated through simple design strategies such

can also serve as a temporary detention basin. Drainage swales as shallow basin depths and gently sloping sides. By designing

can be landscaped with attractive riparian species. Pathways can out the hazards and designing in the people, most drainage fea-
tures can be integrated into the site plan to mimic the natural

follow these swales, creating attractive greenbelts that reflect natu- hydrologic cycle, add aesthetics, and increase recreational value.

ral landforms. A sandy area can serve as a children’s playground *"

in the dry season, but become a shallow infiltration basin in the

winter rains. Water as an amenity

vegetative cover

observation deck

Home buyers and business tenants consistently indicate a prefer- gently sloping sides

ence for water features. A network of small ephemeral pools and

swales, treated carefully with attractive planting and mainte- :

nance, can satisJ~ this desire for a relationship to water and give

developments a competitive advantage.

An integrated site plan will generally yieM a series of smaller           ~

stormwater management facilities rather than one large basin

at the end of a traditional conveyance system. This integrated

approach not only reduces cost while achieving environmental verticalsMes

goals, but it also maximizes land values, improves marketabil-
no vegetation fence

ity, adds aesthetic interest, and provides increased recreational Water as a hazard

opportunities.
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Planning and zoningpractices profoundly influence the impact Planning 8, Zoning

of development on watersheds. 3.1 Watersheds and planning - historical context.

Political decisions made a century ago affect our ability to
plan for watershed quality. Understanding the historical

Planning determines the pattern of development, what type is context of watershed planning helps us to focus current
efforts more effectively.permitted, and its relationship to streams and other natural fea-

3.2 Watershed-based planning & zoning. Conven-

tures. Zoning determines where particular land uses are located, tional zoning practices don’t typically address the impact of
development on water quality. Specific zoning approaches

requirements for parking, sizes of roadways, permitted impervi-
can be adopted to make zoning a more effective water quality

ous land coverage, and types of approved drainage systems, tool.
3.3 Cluster/infill development. Clustering develop-

ment at higher densities on a portion of a site can have a
By understanding how these powerful tools work, they can be beneficial impact on overall watershed health. The denser

area may have a very high percentage of impervious land
focused to protect water quali~ coverage, but total impervious area and land disturbance

will be less.
3.4 Skeet design stondords. Streets comprise a very

large proportion of land use - up to 25% of total land area.
The street pavement itself is often the largest component
of total impervious land coverage. A carefully designed street
system can protect water quality while also serving its pri-
mary transportation function.

3.S Parking requirements. Parking is often the greatest
single land use, and usually it is made of impervious pave-
ment. The amount of parking mandated by zoning codes
and standards often far exceeds the usual parking demand.
A variety of zoning and planning tools are available to pro-
vide adequate, but not excessive, parking supply.

3.6 Community education and outreach. Education
and outreach are critical elements of designing for water
quality protection. Generating public awareness increases
general interest and acceptance and improves long-term
maintenance prospects.

3.7 SWMPs, SWPPPs, and BMPs. An alphabet soup of

acronyms define government regulations relating to storm-
water quality protection. Understanding these regulations
is a key to successfully navigating the approval process.

14 Sfart a~ the Source
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Watersheds and planning- historical context

Mount Shasta

Lake Tahoe

Nevada Mts.

Tehachapi Mts.

San Francisco Ba

San Joaquin River

SF Bay drains a vast watershed

in 1878, Major John Wesley Powell, the first Director of thecenter of watersheds (like San Francisquito Creek which divides
United States Geological Survey, submitted his Report on theSan Mateo from Santa Clara County).
Lands in the Arid Region of the United States to the U.S. Con-
gress on the future of the American west. In this document,As planners and scientists recognize the threats to water quality,

Powell recognized that water would be the limiting resource inthey create new mechanisms to better facilitate watershed-based

the future development of the arid west. He understood thatplanning and zoning. These include specific efforts to protect

the rectilinear surveys used to divide properties and politicalspecific streams, such as the San Francisquito Creek Watershed

entities in the rainy east would not work in the drier west. In-Coordinated Resource Management Process, a collaboration be-
tween two counties and multiple cities along San Francisquitostead of boundaries drawn along arbitrary lines, Powell pro-

posed that drainage divides, or watersheds, be the organizingCreek, as well as larger regional efforts, such as the Santa Clara

land use principal. Basin Watershed Management Initiative, the Alhambra Creek
Watershed Program, the Alameda Creek Watershed Manage-

Congress ignored Powell’s recommendation, continuing its prac-ment Program, many regional water quality programs,
tice of dividing properties and political entities along arbitraryBASMAA, and the Association of Bay Area Governments
lines. Where waterways such as rivers or creeks were used for(ABAG).
creating political divisions, they often were used to form the

In Powell’s scheme, the San Francisco Bay Area would have beenborder between entities. Yet, ecologically speaking, waterways
do not divide land, but unite it by collecting drainage fromtreated as a single political entity, and the counties within it

throughout the watershed. Thus, in the adopted planning sys-would have been divided on the basis of sub-watersheds, pro-

tern, the political function of a waterway is often precisely op-tecting the precious water resource and making environmental

posite to its environmental function. 9 planning much easier.

These kinds of political and jurisdictional barriers to watershed
planning also effect the San Francisco Bay, which drains a vast
regional watershed extending from the coast ranges in the east
to Mount Shasta in the north to Kern County in the south to Major John Wesley Powell (on
Lake Tahoe in the east. County and city jurisdictions occasion- horseback) proposed that watersheds
ally follow watershed boundaries (like the Mayacmas ridge sepa- be the organizing land use principal

in the arid west.
rating Sonoma from Napa County), but more often lie in the

(photo by Smithsonian Institution)
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Watershed-based planning dr zoning

heavily degraded

degradea

[and use patterns and the types of development permitted areand hillsides, and may guide land use changes to minimize im-
determined by the planning process, which considers social,pact to these features. These local considerations may differ
political, institutional, natural and other factors. In all planningfrom city to city and can be diffcult to coordinate regionally. In
and zoning, protection of natural resources must be balancedsome local jurisdictions, natural factors may only be addressed
with other community priorities such as roads, schools, hous-to the extent of identifying hazards and land that is not suitable
ing and economic development, for development, while other jurisdictions may set a higher value

on natural resource protection. Regardless of the approach of
Limits of conventional planning and zoning. Conventional any particular local planning jurisdiction, the priorities of corn-
planning and zoning can be limited in their ability to protectplex natural systems can be difficult to address at the local level,
the environmental quality of creeks, rivers and other waterbodies,making a balanced pattern of development and resource pro-
This is a result of two principal reactors. First, conventional zon-tection at the regional level difficult to achieve.
ing arises from political, transportation, and social factors that
often do not mirror the natural watershed boundaries of a corn-Watershed based planning. An alternative to conventional
munity. Second, conventional zoning can limit developmentplanning and zoning is natural resource and watershed-based
by density (units per acre or allowable square footage). Theseplanning. Because such planning is natural resource-based, it
regulations often address the maximum density of rooftop im-begins by considering the natural resources of a given area. By
pervious cover, but have limited impact on the transportationbeing watershed-based, it orients such considerations to water-
network’s contribution to impervious land coverage (roads, park-shed areas, rather than only within town, city, or county lines.
ing, pathways, driveways, etc.). Because this transportation corn-Such planning enables multiple jurisdictions to work together
ponent is usually greater than the rooftop component ofimper-to plan for both development and conservation that can be en-
vious land coverage, density is an indirect and imprecise mea-vironmentally as well as economically sustainable.
sure of forecasting the effect of development on water quality.

The regional approach is inherently difficult because it involves
State planning law offers guidelines for resource protection butbalancing the interests of many independent l.ocal governments.
does not require specific protection measures. Local governmentsWhen practiced effectively, however, regional resource-based
consider various priorities to develop General Plans that guideplanning enables local and regional areas to realize economic,
growth over a relatively long time horizon, such as twenty orsocial and other benefits associated with growth, while conserv-
thirty years. In some instances, local governments may considering the resources needed to sustain such growth, including wa-
the relationship of development to natural features such as creekster quality.
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This kind of comprehensive planning involves four basic steps:The intent of each of these tools is to introduce flexibility into the
zoning structure to encourage natural resource protection.

¯ identify the watersheds shared by the participating juris-
dictions, Resterotien. In many cases, municipalities undertake efforts

¯identify, assess, and prioritize the natural, social and othertowards preservation or restoration of existing natural resources,
resources in the watersheds, such as streams or other water bodies. In areas with the highest

¯prioritize areas for growth, protection and conservation,levels of existing urbanization, streams may have been impacted
based on prioritized resources, and, so that they don’t support habitat in their present degraded con-

. develop plans and regulations to guide growth and protectdition. It is usually not practical in these circumstances to re-
resources, store degraded streams to a pristine pre-development condition,

with full habitat and ecological function. In these cases, an
Watershed-wide plans can become very detailed, with in-depth"urbstine" condition, or one of enhanced environmental vital-
data gathering and assessment, extensive public involvement,ity consistent with the urban context, may be sought. Planners
identification of problems and needs, development of manage-can work with the community, water quality engineers and wild-
ment strategies, and long-term implementation of policies andlife fisheries biologists to define the criteria for an "urbstine"
actions. Local governments, however, can start with simplercondition, and work to achieve those goals.
yet important steps toward effective watershed planning, such
as adopting a watershed-based planning approach, articulatingEfforts to restore biological diversity may include:
this basic strategy in their General Plans, and beginning to pur-¯ preventing the introduction of urban pollutants to protect
sue the basic strategy in collaboration with neighboring local downstream waters,
governments who share the watersheds. ¯ mitigating effects of development using biofilters, detention/

inf’dtration basins, pervious pavements, and other strategies,
Watershed-based zoning. Some watershed protection strat- ¯ retaining the natural riparian corridor and carefully apply-
egies have been adopted under conventional zoning, but they ing measures to prevent or treat runoff,
typically have limited value. These strategies include large lot¯ protecting and restoring creekbank vegetation,
residential zoning, which can reduce the overall impervious area¯ restoring the riffle/pool structure and meander length,
on individual lots, but expands the impervious coverage of the¯ preventing unauthorized diversions of water.
roadway network as well as contributing to urban sprawl.

Ideally, General Plans need to look at development projects in
Another approach is the widespread use of stormwater treat-the context of the entire watershed, considering site impacts in
ment devices (often called BMPs) to mitigate the impact ofterms of an overall watershed plan.
impervious land coverage. These devices, even in the best of
circumstances, have limited value as a watershed protection strat-
egy, and their performance is often compromised by poor de-
sign, construction, or lack of maintenance.

Some resource-based zoning policies that can be developed and
incorporated into conventional zoning include:

¯overlay districts,
¯performance zoning,

īncentive zoning,
īmperviousness overlay zoning,

¯planned unit development zoning.
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Cluster / inf!ll development

small discontinous continuous landscape corridor
open space with high habitat value

’ \~~                          area(about50%)

extensive roadway reduced roadway area
network

Conventional development standards use setbacks, frontages, ¯ reduced stormwater runoff,
roadway geometry, and other methods to arrange individual ¯ reduced encroachment on stream buffers,
buildings on individual lots. Development based on the indi- ¯ reduced soil erosion since 25 to 60% of site is never cleared
vidual lot usually creates a homogeneous community, an exten- and steep hillsides are avoided,
sive roadway network and other infrastructure systems. ¯ reduced need for expensive flood control measures,

¯larger urban wildlife habitat islands, and,
Cluster development, a site planning technique in use for sev- ¯ reduced reliance on automobiles, because shorter distances
eral decades, considers not only individual lots, but larger site make pedestrian, bicycle and mass transit more attractive.
boundaries. It concentrates development on one portion of a
site, and conversely maintains more of the site in open space.Most cluster development zoning policies have not been explic-
One of the principal results of cluster development is reducingitly created to support water quality protection. To enhance these
the length of the roadway network. Because the other infra-benefits, proponents of cluster development for stormwater
structure elements, such as sewer, power, telephone, and waterquality protection have suggested the following cluster devel-
follow the roads, their costs are also reduced. This means thatopment criteria:~°
cluster development can be significantly less expensive to build ¯ significant impervious surface reduction from reduced
than conventional single lot development. On-going costs for roadway network compared to conventional zoning,
city services, such as police and fire protection, are also reduced, ¯ minimum site size (approximately 5 acres),
because the community is more concentrated and therefore more ¯minimum open space requirement of approximately 50%
efficiently served. Finally, cluster development provides increased of total site,
area for passive recreation, because the open space is concen- ¯ consolidation of open space, such that at least 75% is in a
trated in a public or semi-public place, rather than divided in contiguous unit for habitat value,
many large, private yards. However, cluster developments can ¯ maintenance of approximately half of the open space in
face resistance in the marketplace, because home buyers some- undisturbed vegetated areas (i.e. wetlands, forests, mead-
times prefer the larger lot sizes and wider streets of conventional ows), with the other half as a community green space (i.e.
development patterns, turfgrass, playgrounds, constructed stormwater basins),

¯formation of private legal entity to maintain open spaceFrom a water quality viewpoint, cluster development has mul-
in perpetuity (e.g. homeowner’s association), and,tiple benefits compared to conventional zoning. These include: ¯dedication of open space to a public open space district.¯reduced impervious surface area by 10 to 50%,
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Street design standards

A typical pre-war residential street A typical post-war residential s~eet
28 foot wide with tree-lined parkway between the curb and 36 foot wide with no parkway between sidewalk and curb. This
sidewalk. This traditional design can be found in older neigh- modern design can be found in newer neighborhoods through-
borhoods throughout the Bay Area. out the Bay Area.

Streets are at the nexus of a wide variety of land use and envi-commodate large trucks, high speeds, and heavy volumes, resi-
ronmental issues. An understanding of their scope, history, anddential streets typically are intended for low volume, low speed
function helps to explain their central importance in the designautomobile traffic.
of development for stormwater quality.

Prior to World War II, traditional residential streets were de-
Considered a number of ways, the street is a large design ele-signed as multiple use spaces, shared by pedestrians, children at
ment. In a typical neighborhood, the public right-of-way - theplay, animals, and low volumes of vehicular traffic traveling at
street - comprises approximately 20 to 25% of total land area,low speed. The prototypical residential subdivision, laid out by
making it the single most important determinant of neighbor-Frederick Law Olmsted at Riverside, Illinois, in 1869, has 24
hood character. Streets also can comprise up to 70% of afoot wide streets with concrete curb and gutter, lined with broad
community’s total impervious land coverage, with the remain-12 foot wide parkway strips planted with trees. Outside of the
der of impervious land coverage from rooftops and other struc-parkway strip is a 5 foot wide sidewalk on both sides.l~ This
tures. This can make street design the single greatest factor in amodel was copied all over the United States, and many pre-war
development’s impact on stormwater quality. Because the streetneighborhoods can be found today with similar traditional street
exists in the public right-of-way, it comprises a large proportiongeometries.
of total public open space in a typical development. It is also

After World War II, new street standards were developed to fa-subject to municipal ordinances, standards, and management,
giving local jurisdictions a great deal of control over street de-cilitate the automobile, which was growing both in dominance

sign. For these reasons, the street is the one of the most impor-and number. Standards set by professional associations such as

tant design elements in site planning, and an element that canthe Institute of Transportation Engineers (ITE) and the Ameri-

be most directly affected by local ordinances and policies, can Association of State Highway and Transportation Officials
(AASHTO) as well as rules promulgated by the Federal Hous-

Residential streets. Residential streets present a significanting Administration increased paved area by up to 50% com-
opportunity to apply design for water quality. Unlike streets inpared to pre-war designs, setting typical residential street width
commercial and industrial settings, which must be sized to ac-at 36 feet, plus curb, gutter and 5 feet of sidewalk on both sides.J2
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Street design standards, continued
local street

access street s~rves neighborhood

serves abutting properties 500 to 1,500 AD T

<±500 ADT I I mo.deratepavement

bounds neighborhood
> 1,500ADT
greatest pavement width

3.4a Street hierarchy

These standards were applied in communities throughout the3.4a Street hierarchy. Municipal standards generally clas-
Bay Area and the United States. For ease of maintenance, manysify street widths by the planned function of the street: local,
communities abandoned the parkway strip between the curbcollector or arterial. Localstreets, the smallest class, are intended
and sidewalk, bringing the sidewalk flush with the back of theto provide access to abutting properties, and have a typical aver-
curb and eliminating the street trees. In a typical 50 foot wideage daily traffic (ADT) of less than 1,500 vehicles. By def~ni-
right-of-way, this 46 foot wide pavement section (36 feet oftion, through traffic and truck traffic are generally discouraged
street plus I0 feet of sidewalk) creates 92% impervious landon local streets. Collector streets are an intermediate class, in-
coverage in the right-of-way. Compared to the inviting, park-tended to collect traffic from local streets and deliver it to larger
like space of the original Olmsted model, with its 57% imper-arterial streets. They also can serve as the primary traffic route
vious land coverage (34 feet of pavement inside a 60 foot right ofwithin a residential or commercial area, and have a typical ADT
way), the modern residential street with its 90% impervious coy-between 1,500 and 3,000. Finally, the largest class (except high-
erage can be a hot, treeless place that generates signifcant runoff,ways and freeways), arterialstreets, have an ADT between 3,000

and 10,000, and are intended to provide long distance travel,
Today professionals from many fields, including transportationwith controlled intersections and higher speeds. For residential
engineers, landscape architects, urban designers, and environ-design, local streets are most relevant.
mental scientists, are reevaluating residential streets with the
intent of creating new standards that are more hospitable andA survey of Bay Area municipalities reveals that the typical
more environmentally responsible. New street standards basedcurrent standard for a two-way local street with parking on
on the pre-war models (known as "neo-traditional design") areboth sides requires two moving lanes, plus two parking lanes,
now being studied and adopted in municipalities across the coun-plus curb, gutter and sidewalks each side, making a total of 40
try. At the national professional level, ITE has published neo-to 50 feet of pavement within a typical 50 foot right-of-way
traditional street standards that permit local streets between 22(see table).
and 30 feet wide, allowing parking on both sides, with or with-
out curbs. Yet, the number of vehicle trips on a local street can vary con-

siderably, depending on the number of abutting dwelling units.
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curb/gutter required

parking lane
both sides

sidewalk
no parkway two moving

planting vehicle lanes

Typical current standard for a local street:

90_+ % impervious land coverage

Impervious land coverage and slreet design standards.

Most Bay Area municipal street standards mandate over 80% imper-

Given the generally accepted rule-of-thumb for residential streetvious land coverage in the public right-of-way. Alternative standards
design of 10 vehicle trips per day per dwelling unit, a street withcan significantly reduce impervious land coverage while meeting ac-

cess needs of local, residential streets.
ten single family homes can be expected to generate an ADT of
100, or an average of one vehicle trip approximately every 15

Representative local street standards for Bay Area municipalities.
minutes (every 6 minutes in the peak hour). In comparison, a
local street serving one hundred homes (1,000 ADT) will gen-Jurisdiction Street curb/gutter sidewalk .P’3~_ Y r.o.w.
erate an average of one vehicle trip every 90 seconds (every 30

wiAth required required planting imper.

seconds in the peak hour). When built to typical municipal stan-
Alameda Co. 40 ft. yes 5’/side no 100%dards, the two mandated moving lanes of a local street use a

great deal of land area for very little traffic. If the street is con- Concord 36 yes 4’/side varies 90%

sidered in terms of space, rather than lanes, a central space wideContra Costa Co. 32 yes 4’/side no 78%
enough for one vehicle can be retained for movement, with park-Palo Alto 40 yes 4’/side yes 85%
ing and waiting space along both sides. In the infrequent in-San Jose (std.) 35 yes 5’/side no 100%
stance when two vehicles approach in opposite directions, oneSan Mateo Co. 36 yes 4’/side no 94%
vehicle can pull into the parking lane to allow the other vehicle
to pass in the central moving space. The many driveway open-Alternative street standards for local and access streets.
ings on either side of the street ensure than at any given seg-Neotraditional 28+ no 4’+ yes 74%
ment of the street some space will be available for waiting, even

Rural 20+ no no yes 36%if parking spaces are full on both sides. On lightly traveled streets,
the minor inconvenience of waiting for oncoming traffic doesSan Jose (air.)’[" 30 yes 4’/side yes 8 i%

not occur very often, making a shared central moving space(All standards reflect minor or local street standards for flat areas to
feasible for streets serving up to 50 dwelling units (500 ADT,accommodate two way traffic, with parking both sides, typical right-
one vehicle every 3 minutes average, every 1.5 minutes peak).13of-way between 45 and 60 feet wide.)

~" San Jose Narrow Residential street standard, parking one side only.
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Street design standards, continued

Unlike most municipal standards, which set street width by num-General considerations for residential street design. Alternative
bet of vehicle lanes and roadway classification (local, collector,standards are feasible for local residential streets that employ
arterial), street design by anticipated traffic volumes (ADT) al-"neo-traditional" or "headwaters street" design. These alterna-
lows for varying pavement width to match usage. Using thetire standards can reduce impervious land coverage and provide
analogy of stream flow, this "headwaters streets" system allowsdrainage systems with less impact on stormwater quality com-
the most "upstream" streets, those serving approximately 50 ad-pared to current typical municipal street standards, while ac-
jacent dwelling units, to have widths as low as 16 feet whilecommodating local traffic and emergency access.
allowing two-way traffic. As traffic volumes increase on neigh-

Street designs are often controversial, and development of newborhood streets, pavement widths also increase, just as streams
widen downstream to accommodate increased water volumes.J4street standards must meet a variety of engineering, public safety

In practice this generates a new class of street for very low trafficand functional criteria. Municipal agencies with a strong inter-

volumes, referred to as "access" streets, which are below "local"est in street design, such as Public Works, Planning, and emer-

street in the standard street hierarchy, gency service providers, often differ on priorities and approaches.
Alternative standards must be developed cooperatively so that

For example, an access street serving 50 single family homeseach agency’s legitimate interests are accommodated. In mu-
(25 each side) with 50 foot width lots would require 1,250 lin-nicipalities which have not adopted alternative standards, de-
ear feet of street [(50 sfh/2) x 50 ft = 1250]. A 36 foot wide velopers can propose these designs as part of a planned unit
street would cover 45,000 square feet, usually in imperviousdevelopment zoning, subject to government approval.
asphalt or concrete pavement. A 26 foot wide street would cover
32,500 square feet, a reduction of 12,500 of impervious landSeveral communities in the United States have recently adopted

new street standards for local access streets, including Buckscoverage. Assuming street construction costs of $3 per square
foot, this reduction in pavement generates a $37,500 reductionCounty, PA., Boulder, CO., Portland, OR, and San Jose, CA.]5

These new municipal street standards vary, but they all includein development costs, or $750 per lot. This does not account
for added cost reductions in reduced need for drainage systemsreduced street widths (generally between 16 and 30 feet), shared

because of smaller impervious land coverage. Even greater re-moving lanes, reduced design speeds, and an ability to omit

ductions in pavement can be achieved if on-street parking iscurbs, gutters and/or sidewalks on one or both sides. New ITE

not required on both sides the entire length of the street, or ifneo-traditional street design standards currently in review may

sidewalks are not required on both sides, help formalize acceptable alternative residential street designs)6
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Parking requirements

1 acre oflandscapegained

entire site covered
withparking

Parking is the greatest single land use in most industrial, office,completed by the City of Olympia, Washington, for example,
and commercial development. Municipal codes usually man-found that over half of the city’s commercial sites were devoted
date a minimum amount of parking and the type of approvedto parking and driveways.
pavement. Adjusting these requirements can significantly miti-
gate the negative environmental impact of parking, while stillNot only do these standards and their related zoning ordinances

providing adequate storage space for cars. mandate high parking minimums- developers are free to build
more. They usually do, if they can, because retailers and office

Amount of parking. Parking minimums have been establishedtenants demand "plenty of parking" - they naturally want to
by planners and professional associations, such as Urban Landmake it easy for shoppers and tenants to reach their sites. Also,
Institute, the Institute of Transportation Engineers, the Nationalconventional asphalt parking lots are less expensive to build and
Parking Association, and the American Planning Association.maintain than turf or landscaped areas, further contributing to
These minimums are based on empirical methods, usually bythe tendency to build even more than the minimum standards.
counting cars parked at existing land uses, identifying the peak
use, and then requiring developers to supply enough parking toLand Use Solutions. Several solutions can promote a more

meet the peak demand (or near peak demand). These standardsbalanced approach to parking and land use.

typically result in a large, underutilized parking capacity.
a. institute paid parking. Studies show that motorists park

For example, a 1995 study of office buildings in ten Californiafree for 99 percent of all automobile trips. By pricing parking at

cities found that peak parking demand averaged only 56% ofits true cost, natural economics would tend to reduce demand,

capacity. In shopping centers, parking lot design standards sup-free more land for other uses, and encourage alternative trans-

ply enough parking for the demand at the "20th busiest hour"portation. Employer-paid parking programs, with cash incen-

of the year. This means that for all but 19 of the 3,000 hoursrives for employees who opt not to park, or employee-paid park-

that a typical center is open annually there will be a parkinging, have both proven effective at reducing parking demand in

surplus, leaving at least half of the center’s spaces vacant at leastcommercial and office uses.

40 percent of the time.
b. reduce parking minimums. Reducing the mandated park-

Because of these high minimum standards, parking and its as-ing minimums in zoning ordinances can significantly reduce

sociated transportation system usually account for the majoritythe amount of parking provided. For example, reducing the of-
fice use minimum from four to three spaces per thousand squareof land use in commercial and industrial sites. A recent survey
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Parking requirements, continued

feet (1:250, 1:333) would reduce the number of required park-fi allow sharedparkingfacilities. Shared parking facilities are
ing spaces for a 100,000 square foot office building from 400 toanother strategy to reduce overall parking supply, while still
300, a reduction of 25%, or approximately an acre of land thatmeering demand. For example, a movie theater’s parking de-
could be converted from parking to landscape that can be de-mand is usually evenings and weekends, while office building

signed to filter and infiltrate the runoff from impervious sur-demand usually peaks on weekdays- these uses can share a single
faces (see 6.6). Depending on the number of building occu-parking lot, owned either by the city, or by one or both of the
pants and availability of alternative transportation, reduced park-property owners. In commercial districts, parking supply for

ing minimums may be adequate for a variety of uses. shoppers can be maintained by allowing employees to park on

nearby residential streets, since resident parking peaks in the
c. estahlish parking maximums. Some municipalities, in seek-evening while employee parking peaks during the day. There
ing to reduce the negative impacts of these large parking de-are considerable obstacles to these shared parking approaches,
mands, have established maximum parking ratios instead of thesuch as zoning regulations that do not allow combining park-
more conventional parking minimums. For example, Lacey,ing for separate uses, resistance of neighborhood residents to-
Washington, has developed a phased program to implementwards employee parking on their streets, and liability and in-
maximum parking standards for its downtown. These standardssurance issues surrounding sharing of a single, privately owned
will be reduced in three year intervals, giving businesses andparking facility by multiple property owners.
travelers time to adjust driving patterns. Parking maximums

prevent developers from building more than the maximum al-g. promote parking garages. Underground or above ground
lowed parking, and the scarcity of parking, usually coupled withparking garages reduce land coverage by allowing parking to be

pricing strategies, naturally reduces parking demand and en-stacked or combined with building area. The expense of these
courages alternative transportation. 17 solutions can be mitigated by providing building credits, in-

lieu parking fees, subsidies, or fee waivers.
gL allow reduced minimum requirements as incentives. Some

municipalities allow reduced minimum parking requirementsParking lot paving. Aside from the amountofoccupied land

as incentives for transportation demand management programsarea, the type of parking lot pavement has a direct impact on

or for developments that encourage alternative transportationstormwater quality. Parking lots are usually built of impervious

such as live-work, transit oriented residences, oflqce buildingspavement, such as conventional asphalt, and their large land

with bicycle commurer facilities, or neighborhood retail shop-area makes them a significant contributor to environmental deg-
ping areas. In these areas parking requirements can be reducedradation. Permeable materials such as porous asphalt, crushed

by as much as 20 to 30%, reflecting the fact that a significantaggregate, open-celled unit pavers, or turf block can be suitable
proportion of people do not park at the site. parking lot pavements, especially for parking stalls (as opposed

to aisles- see 6.3a Hybrid parking lot), for outlying spaces that
e. establish landscape reserves. Another strategy to reduce theare only typically used during peak demand (see 6.3c Overflow
amount of parking that allows for parking expansion if neededparking), or for occasional uses such as churches or sports stadi-
is to identify "landscape reserve" on site plans. These landscapeurns.
reserves are areas adjacent to parking lots that are of appropriate
size and geometry to accommodate additional parking. TheyMany municipalities mandate an impermeable pavement such
are initially installed as landscape areas, but identified as "land-as conventional asphalt or concrete for parking lots and pro-

scape reserve" on approved plans. If the need for parking in-hibit the use of other materials. Where these impermeable pave-

creases beyond the amount originally provided, the landscapements are mandated, rewriting municipal codes to allow per-

reserve can be converted to parking, meable pavement alternatives is a prerequisite for their use?8
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Commun@ education and outreach

lill those involved in the development industry need to under-̄  participating in storm drain stenciling
stand the impacts of development on water quality, as well as¯ targeting specific industries or groups with specific storm-
the appropriate application of various strategies. This includes ~vater impacts (e.g. restaurants and grease impacts on storm
not only those who design and build, but the residents, occu- drains)
pants, and maintenance staff. ¯ engaging the public in a participatory process to develop,

implement and review the local stormwater management
Community education and outreach are the key to building program
this understanding. Furthermore, community education and̄  impaneling a group of citizens to participate in the decision-
outreach on stormwater impacts is a minimum requirement of making process, hold meetings, or work with volunteers
the NPDES regulations. ¯ reaching out to all members of a community.

The NPDES regulations mandate public education and out-This outreach effort can be directed towards members of the
reach and public involvement/participation as minimum con-public and individuals, as well as to targeted groups ofcommer-
trol measures, cial, industrial, and institutional entities likely to have signifi-

cant stormwater impacts. For example, restaurants can be tar-
The activities enumerated in the regulations include: geted with specific information on the impact of grease on storm¯ distributing of educational materials to the community drains, and architects can be targeted with specific information

¯ conducting outreach activities on the impacts ofstormwateron selection of building materials and design for stormwater¯ providing public education on how to reduce stormwaterquality management.
pollution

¯ informing individuals and households on proper mainte-Finally, it is important to involve the public in the development
nance ofstormwater systems of outreach programs, and to tailor the message to address the

¯ teaching how to limit the use and runoffofgarden chemicalsviewpoints and concerns of all communities, including minor-
. promoting local stream restoration through conservationity groups, disadvantaged communities, and children.

corps and other citizen groups
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S WMPs, S WPPPs, and BMPs

The current construction environment presents designers andA SWPPP is a series or collection of Best Management Practices
developers with an array of mandates, regulations, and condi-(BMP). The term Best Management Practice is a widely used,
tions for approval that relate to stormwater quality. By under-but somewhat inaccurate nomenclature, because the elements
standing the alphabet soup of acronyms, review agencies, anddescribed as BMPs are not necessarily always best, nor are they
conditions it becomes easier to navigate the approval processalways management practices. They can range from public edu-
and anticipate the design strategies that will be successful, cation, like stenciling catch basins (which may not be as good as

replacing the catch basin with an infiltration area), to site plan-
The National Pollution Discharge Elimination System (NPDE$),ning and design features, like a vegetated swale (which requires
a provision of the federal Clean Water Act, mandates that eachmanagement but is not a management practice), to street sweep-
large population center obtain a permit to discharge stormwa-ing (which actually is a management practice). In any case, the
ter. BASMAA’s seven participating stormwater programs, forterm BMP has wide currency and has been formalized in many
example, serve as umbrella organizations for their co-permitteelocal ordinances and codes. This document doesn’t explicitly
municipalities, use the term BMP to describe the design alternatives presented,

though each could be identified as a BMP in any particular
These NPDES permits are issued by the Regional Water Qual-SWPPP, depending on the requirements of the local SWMP.
ity Control Board (RWQC8), a division of the State of Califor-
nia Environmental Protection Agency. There are nine regionsThe true management practices widely adopted in the past
throughout the state, and each Regional Board monitors eachtwenty years like stenciling catch basins and street sweeping,
permittee for compliance, can be considered "first wave BMPs. "These housekeeping prac-

tices have value, and deserve to be continued. But they per-
To meet the goals of the NPDES permit, each local stormwaterpetuate a conventional approach to stormwater management
program, and each co-permittee within a program, establishes abased on collection and conveyance.
Stormwater Management Plan ($WMP). These SWMPs give
specific local requirements targeted to meet the environmentalGiven development pressures and the environmental goals es-
needs of each watershed, as well as reflecting the political con-tablished by the Clean Water Act, more fundamental changes
sensus of each community. Because of the differences in eachare required. Because the most economical and effective strate-
watershed’s environmental context, as well as each permittee’sgies arise in site planning and design, this document empha-
attitude towards balancing environmental protection with eco-sizes ways to minimize the creation of new runoff, and to infil-
nomic growth, regional SWMPs may have different goals, meth-trate or detain runoff in the landscape.
ods, or targets.

These "second wave BMPs"go beyond incremental changes to a
In order to comply with the NPDES permit and requirementsconveyance storm drain system. They require a new way of think-
for a construction permit, each new development project re-ing about impervious land coverage and stormwater manage-
sulting in a land disturbance of flve acres or larger must preparement. They are a collection of proven methods and techniques
a Storm Water Pollution Prevention Plan ($Wppp). In a typicalthat integrates stormwater management into planning and de-
project, a SWPPP is a document consisting of narrative and asign, that reduces overall runoff, and manages stormwater as a
separate sheet within the construction document set, usually inresource, by starting at the source.
the Civil Engineering o~ Landscape series, that outlines both a
plan to control stormwater pollution during construction (tern- These "second wave BMP$"
porary controls) and after construction is completed (the per- require a new way of think-
manent constructed stormwater pollution prevention elements), ing about impervious land
The permanent controls are usually found on the sheet within coverage and stormwater
the construction documents, management.
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The fundamental hydrological concepts and stormwater man- Site Design

agement concepts can be applied to site planning to generate 4.1 Define development envelope & protected areas.

forms that are more integrated with natural topography, that Each site possesses unique topographic and hydrological
features, some of which are more suitable for development

reinforce the hydrologic cycle, that are more aesthetically pleas- than others. By identifying the development envelope and

ing and that are often less expensive to build, protected areas, a site plan can be generated that minimizes
both environmental impacts and construction costs.

4.2 Minimize directly connected impervious areas.

For decades planners, engineers and builders have been
A few siteplanningprinciples help to locate development on the

trained to get rid of stormwater. This is accomplished by
least sensitive portions of a site, and to create urban and subur- connecting impervious areas to storm drains. Yet these "di-

rectly connected impervious areas (DCIAs)" are a principal
ban forms that accommodate land use while mitigating its im- contributor to nonpoint source pollution and flow impacts.

= pact on stormwater quality. 4.3 Maximize permeability. A parallel strategy to mini-
mizing DCIAs is to maximize the permeability of the site.
This is accomplished both by preserving open space and by

The application of theseprinciples in developing a siteplan will using permeable pavement surfaces where feasible.
4.4 Maximize choices for mobility. By planning for

create opportunities for employment of a wide variety of simple alternative modes of transportation - bicycles, pedestrians,
transit - reliance on automobiles can be reduced.

design techniques to infiltrate significant amounts of runoff, im-
4.5 Use drainage as a design element. Unlike con-

prove aesthetics, and reduce development costs, veyance storm drain systems that hide water beneath the
surface and work independently of surface topography, a
drainage system for stormwater quality protection can work
with natural land forms and land uses to become a major
design element of a site plan.
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Define development envelope and protected areas

The first step in site planning is to define the development en-
velope. This is done by identifying protected areas, setbacks,
easements and other site features, and by consulting applicable
local standards and requirements. Site features to be protected
may include important existing trees, steep slopes, erosive soils,
riparian areas, or wetlands.

By keeping the development envelope compact, environmental
impacts can be minimized, construction costs can be reduced,
and many of the site’s most attractive landscape features can be
retained. In some cases economics or other factors may not al-
low avoidance of all sensitive areas. In these cases, care can be
taken to mitigate the impacts of development through site work
and other landscape treatments.

development envelope

Set back development Preserve significanttrees. Avoid erosive soils and

from creeks, wetlands, and ri- Trees protect soil structure, slopes. These include steep
parian habitats, aid in soil permeability, and or long continuous slopes,

provide aesthetics, soils high in silt or fine sand,
or soils lacking vegetative
cover.

creek setback existing significant trees erosive soils
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Minimize "directly connected impervious areas"

Directly connected impervious area (DCIA) Impervious areas directly connected to the storm drain system
are the greatest contributor to nonpoint source pollution. Any
impervious surface which drains into a catch basin, area drain,
or other conveyance structure is a "directly connected impervi-
ous area (DCIA)." As stormwater runoffflows across parking
lots, roadways, and paved areas, the oils, sediments, metals, and

; ; 0 ~. other pollutants are collected and concentrated. If this runoffis
k,,~ "’ ’ ,’ "~’, collected by a drainage structure and carried directly along im-

,̄ . " °’ ¯ " pervious gutters or in sealed underground pipes, it has no op-

t/ : portunity for filtering by plant material or infiltration into the
soil. It also increases in speed and volume, which may cause

slopes to centet higher peak flows downstream, and may require larger capacity
storm drain systems, increasing flood and erosion potential.

solid underground pipe A basic site planning principle for stormwater management is
to minimize these directly connected impervious areas. This canpollutants concentrated at ou~all
be done by limiting overall impervious land coverage or direct-
ing runoff from these impervious areas to pervious areas and/or
small depressions, especially the first 1/3 to 1/2 inch of rain.Not-directly connected impervious area
This means that if the site is 50°/0 impervious, then the pervi-
ous areas must have capacity to infiltrate two times the treat-
ment depth. In this example, that is 2/3" to 1" of rain, because
both surfaces are subject to rain. Larger storms may require an
underground storm drain system, but even these systems can

Z mitigate stormwater quality impacts if runoff from impervious
: surfaces passes through pervious areas and depressions before
~... 7~,~"~ °.. "-. being collected in conveyance devices.

subsuNce flow
sheet flow to soil

infiltration
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Maximize permeability

shared driveway l~/rithin the development envelope, many opportunities are avail-

[~ } clustered buildings able to maximize the permeability of new construction. These

~/~’,~ nalfrT[etr~jTale]i~I include minimizing impervious areas, paving with permeable
pavement materials, clustering buildings, and reducing the land

coverage of buildings by building taller and narrower footprints.
All of these strategies make more land available for infiltration

and open space.

"’,,’-. Clustered driveways, small visitor parking bays, and other strat-

~ ~,,,~,-~~
egies can also minimize the impact oftransportation-related sur-

~.~
faces while still providing adequate access.

"~ ""Z. ,"~. l~.~, ,, ’..%.,._~- ~[ ’55"/’’~" ,,..>~ ~,_~,~3.,~.: "~,~ ,> "..~Once site coverage is minimized through clustering and careful

~" "~~[~ ’.7// planning, pavement surfaces can be selected for permeability. A
" -. "k........./c ’ .,-’..- .-// patio of brick-on-sand, for example, is more permeable than a

~~[/ large concrete slab. Gravel, mulch, and lawns are permeable

ground covers suitable for a wide variety of uses. Pervious con-
existing trees and crete and porous asphalt, used in the eastern United States, are
infiltration basins preserved

alternative materials that can preserve permeability where a larger,

more intensely used paved area is needed.

Maximizing permeability at every possible opportunity requires

the integration of many small strategies. These strategies will be
reflected at all levels of a project, from site planning to materials
selection. In addition to the environmental and aesthetic ben-

efits, a high-permeability site plan may allow the reduction or

elimination of expensive underground conveyance storm drain
systems, yielding significant savings in development costs.
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Maximize choices for mobility

Given the costs of automobile use, both in land area consumed
transit stop multi-useparking "court" and pollutants generated, maximizing choices for mobility is a

ped/bikepath to transzt
short driveway with basic principle for environmentally responsible site planning.
sidewalk to shops and By designing developments to promote alternatives to auto-
community facilities mobile use, a primary source of stormwater pollution can be

~~
~

mitigated.

* " ~ ~ Bicycle lanes and paths, secure bicycle parking at community

~~~
centers and shops, direct, safe pedestrian connections, and transit
facilities are all site planning elements that maximize choices
for mobility.

.. -~..i~
""* "f’ The automobile is a valuable, essential element of our current

transportation system, and its use must be accommodated. But
by giving comparable accommodation to other transportation
modes, less environmentally costly choices for mobility become

secure bike parking more viable.

ped / bike path to shops
and communiq facilities
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Use drainage as a design element

footbridge provides connec- clustered housing IJnlike conveyance storm drain systems that hide water be-
tivi~y and landscape interest oreserves open space

neath the surface and work independently of surface topogra-

vegetated swale provides pby, a drainage system for stormwater infiltration can work
bufferf!om street with natural land forms and land uses to become a major de-

~ [~.,: sign element of a site plan.

~.. ~~~. ’...’.~ ~- ~

By applying stormwater management techniques early in the
¯ ’~:":"" ’

~ . ,.,,~ site plan development, the drainage system can suggest path-

~ ~

way alignment, optimum locations for parks and play areas,
~ ’- and potential building sites. In this way, the drainage system

~ ~,’.:~ helps to generate urban form, giving the development an inte-

-....
gral, more aesthetically pleasing relationship to the natural fea-

"" "< ~ ~.N’A.’i :~ :~[ ../’/ tures of the site. Not only does the integrated site plan comple-~
..//

ment the land, it can also save on development costs by mini-

~’-’~ .~.’~:~~        / mizing earthwork and expensive drainage structures.

communi#y garden
serves as infiltration area

sand play area serves as infiltration area at center
water retention basin of cul-de-sac

pathway follows natural
contour

Attractive? Yes. Nuisance? Not necessarily. Because of
concerns about safety and liability, many developers and mu-
nicipal agencies are reluctant to combine stormwater facilities
with recreational uses. Yet, a well-designed stormwater facility
can be safe and attractive.

This sand play area at Village Homes in Davis, California,
doubles as a stormwater detention basin. Designed to hold about
six inches of rainwater, this playground has been in use for over
twenty years without any reported water-related accidents, law-
suits, or injuries.19 It shows that multi-use stormwater manage-
ment facilities can be both attractive and safe.
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Conventional drainage systems are designed to achieve a singleDrainage Systems

objective --flood control during large, infkequent storms. This
5.1 Drainage system design process

objective is met by conveyingand/or detainingpeak runoffj~om 5.2 Site conditions
S.3 Soils

large, inj@equent storms. Drainage systems designed to meet a 5.4 Pollutants

single jqood control objective fail to address the environmental 5.5 Drainage system elements
5.6 System design techniques

effects of increases in runoff volume and velocity caused by devel- 5.7 Water quality volume

opment, as well as flow peaks. Increased runoff j~om small, ~g- 5.8 Manufactured treatment devices

quent storms erodes urban streams and washes eroded sediment

and other constituents jgom the urban landscape into down-

stream receiving waters, often damaging adjoiningproperty and

impairing their use by people and wildlife.

Today’s drainage systems must cost-effectively manage flooding,

control streambank erosion, and protect water quali~. To do

this, designers must integrate conventional flood control strate-

gies for large, in)gequent storms with three basic stormwater

quality control strategies for small, fkequent storms:

¯ infiltrate runoff into the soil,

¯ retain/detain runojffor later release,

¯ convey runoff slowly through vegetation.

Integrated flood control/stormwater quality control designs must Today’s drainage systems must

meet a variety of engineering, horticultural, aesthetic, functional, cost-effectively manage flooding,

economic, and safety standards. This chapter briefly outlines control streambank erosion, and

methods and criteria for drainage system design, protect water quality.
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Drainage system design process

a. Minimize directly- ©. Select stormwater quality d. Integrate stormwa-

connected impervious YES �onl~ols for remaining ter quality controls

areas (DCIA) impervious areas into site design

Site Design 4.1 - 4.5 Drainage Systems 5.! - 5.8 Design Details 6.1 - 6.7

S.1 Drainage system design process. The simple design b. Identify DCIA requiring treatment. In some areas, a site’s

process described below establishes the foundation of a drain-DCIA coverage may not require stormwater controls if the re-
age system for stormwater quality, quired treatment is based on other factors (e.g. if site is located
a. Minimize directly connected impervious area (DCIA). upstream from existing or regional treatment facilities, or if it is
Using the concepts and site planning strategies outlined previ-an infill development in an existing urbanized watershed). If
ously, design a project to minimize directly connected impervi-site DCIA coverage is not treated in another manner, some form
ous area. ofstormwater quality control on-site is probably needed.

The DCIA is measured by adding together the square footagec. Select stormwater quality controls for remaining im-
of all impervious surfaces that flow directly into a conveyancepervious areas. There are three stormwater quality controls
stormwater system. These impervious surfaces are principallyappropriate for the Bay Area: infiltration, detention/retention,
comprised of rooftops and conventional pavements. Impervi-and biofilters. Using these approaches, alone or in combination
ous surfaces that are not directly connected to a conveyancedepending on site conditions and soils, drainage systems can be
system are not included in the calculation of DCIA. However,designed to reduce flows and manage pollutants.
to be considered "disconnected," intervening pervious areas re-
ceiving runoff (p) must be at least one half the size of impervi-d. Integrate stormwater quality controls into site design.

The Design Details section (Chapter 6) describes the many op-ous surface areas generating runoff (i). The pervious area must
also be of appropriate width, location and slope, and design toportunities available to site designers for reducing DCIA and

effectively manage runoff. 2o incorporating stormwater quality controls into site design. Lo-
cal municipalities and developers can evaluate their particular
opportunities and constraints to determine practical solutions
within the framework presented here. Chapter 8 has more de-
tailed information on each of these design details.

=
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Site conditions

5.2 Site conditions. Site designers and municipal site plane. Slope. Most stormwater quality controls are sensitive to the

reviewers must understand site conditions and use these as theslope of local terrain. Biofilters and infiltration basins cannot
basis for selecting appropriate stormwater quality controls, be used in steep terrain, while detention basins usually can be

made to work on any reasonably sized land parcel, as long as the
a. Local climate. The Bay Area is distinctive for its widelyarea is not subject to landslides.
varied local climates. Local climate will influence selection of

controls for a specific site. For example, controls that rely uponf. Flood cont~l and drainage. Stormwater quality controls
vegetation to stabilize soils and filter pollutants may be appro-are sized to capture runofffrom storms much smaller than those

priate in coastal areas with more moisture and/or moderate tern-used to size drainage and flood control systems. Site developers

peratures, while pervious pavements may be better in hotter,should first consider an integrated system that achieves both
drier portions of the Bay region where vegetation must be morestormwater quality and flood control objectives. In these inte-

heavily irrigated, grated systems, runoff from small storms and the first portion

of larger storms enters the stormwater quality control system.
b. **Design storm" size. Design storms used to size storm-Flows exceeding the runoff volume of the stormwater quality
water quality controls are significantly different than those usedcontrol system are either bypassed into a separate drainage/flood
for conventional drainage and flood control facilities. Storm-control system or accommodated within the stormwater qual-
water quality design storms generally are based on the captureity control system (as long as these larger flows do not "flush
of a certain fraction of the average annual runoff from the siteout" the pollutants captured from smaller storms).
or development. The rainfall analysis presented in the Califor-

nia Storm Water Best Management Practices Handbook indi-
cates that the most "cost-effective" level of stormwater quality local climate
protection occurs when about 75 to 85 percent of the annual |

rainfall is captured and held long enough to allow about 80
percent of the suspended solids to settle (between 12 and 40 erosion

hours). This design storm volume ranges between 1 and 1.6
times the average storm volume of about 0.05 feet (0.6 inches)

in the Bay Area.2~ The actual design storm volume within this

range depends on the drawdown time of the selected stormwa- \

ter quality control, design storm

�. Soils. Site designers must know the soils at the site when con-
sidering infiltration measures including pervious pavements. Soil -- slope

conditions will determine whether a site is suitable for infiltra-

tion, or ifa detention/retention system is required. See 5.3 Soils.

d. Erosion. Erosive soils impair the effectiveness of most storm-

water quality controls, and must be stabilized before installing
these controls. Excessive sediment clogs infiltration devices, rap-

idly fills detention basins, and covers vegetative measures.

soils
flood control
and drainage

5.2 Site conditions
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Sails

5.3 Soils. The USDA Natural Resources Conservation Ser-pipe underdrains, the soil’s classification is changed to A, mak-
vice (NRCS) [formerly the Soil Conservation Service (SCS)],ing it more appropriate for infiltration with proper site design.
classifies a soil’s hydrologic effects into four Hydrologic Soil

For a specific site, the HSG designation can be obtained byGroups (HSG), labeled A through D. Group A and B soils pos-
sess the greatest infiltration rates (unless soils are compactedreferring to a local soil survey, by consulting the complete na-

tional listing given in NRCS Technical Release 55, or by per-during construction) and are generally best suited to stormwa-
ter infiltration. However, the Bay Area has a relatively highforming an on-site investigation. The accompanying table pre-

concentration of Group C and D soils, which possess lower in-sents soil infiltration rates for each soil group determined by

filtration rates that generally limit use of infiltration-based storm-laboratory studies and measurements. Site designers should corn-

water management systems, pare the design runoff volume with the available soil storage
volume to determine if infiltration is feasible, and then use the

Some soils have compound classifications, such as A/D. Thisinfiltration rates to determine if the design runoff volume can
indicates that the natural soil is in group D because of a highinfiltrate within a reasonable time (generally 24 to 48 hours).
water table which impedes infiltration and transmission, butFor sites with Group C and D soils, retention- and detention-
following artificial drainage using such methods as perforatedbased strategies are often more feasible than infiltration designs.

Hydrologic soil groups (HSG)’2

Group A." Low runoff potential. Soils having high infil- Group D: High runoff potential. Soils having very slow

tration rates even when thoroughly wetted and consisting infiltration rates when thoroughly wetted and consisting

chiefly of deep, well-drained sands or gravels. These soils chiefly of clay soils with a high swelling potential, soils with
have a high rate of water transmission, a permanent high water table, soils with a claypan or clay

layer at or near the surface, and shallow soils over nearly
Group B: Soils having moderate infiltration rates when impervious material. These soils have a very slow rate of
thoroughly wetted and consisting chiefly of moderately water transmission.
deep to deep, moderately well to well drained sandy loam

soils with moderately fine to moderately coarse textures. Typical soil infiltration rates.23

These soils have a moderate rate of water transmission.
Soil Type Min. Infiltration Rate

Group C: Soils having slow infiltration rates when thor- (inchesper hour)

oughly wetted and consisting chiefly of silty-loam soils with A 0.30 to 0.45
a layer that impedes downward movement of water, or soils
with moderately fine to fine texture. These soils have a B 0.15 to 0.30

slow rate of water transmission.
C 0.05 to 0.15

D 0 to 0.05
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Pollutants

5.4 Pollutants. In a natural state, water is not chemically pure.Nutrients. Nutrients include nitrogen, phosphorus, and other

It contains sediment, minerals, and other impurities dependingorganic compounds which can be found in organic litter, fertil-

on the surrounding geology and climate. These impurities doizers, food waste, sewage and sediment. Excess nutrients ira-

not often arrive at lakes, streams, and bays (known as "receivingpact creek health and impair use of water in lakes and other

waters") in concentrated form, because rainfall can infiltratewater supply sources by promoting excessive growth of algae or

slowly into the soil, where it is cleansed by natural biologic pro-vegetation (i.e. eutrophication).

cesses. When rain falls faster than it can infiltrate, runoff flows

over the surface. In most natural conditions, this runoff travelsMetals. Sources of trace metals (copper, lead, cadmium, chro-

slowly through vegetation, and suspended particles settle or aremium, nickel, and zinc) can include motor vehicles, roofing

filtered, sending cleaner runoffto receiving waters, and construction materials, and chemicals. Trace metals can be

toxic to aquatic organisms and, in accumulated quantities, can

The impervious surfaces associated with urbanization preventcontaminate drinking water supplies. Removal of sediment from

water from infiltrating and increase the rate of runoff. One canrunoffvia sedimentation combined with surface infiltration will

see rain fall on urbanized impervious surfaces - streets, roof-reduce the amount of metals that reach receiving waters.

tops, parking lots, trash and fuel handling areas, and pervious

surfaces such as lawns, playflelds, and exposed construction sites.Bacteria and viruses. Sources include animal excrement (found

Less visible are the foreign constituents that runoff carries as itin areas where pets are often walked), sanitary sewer overflow,

flows quickly across urbanized surfaces and empties into its fl-and trash handling areas (dumpsters). Bacteria and viruses may

hal receiving water. Understanding what pollutants are andpose public health and safety concerns if they are present in

where they come from can aid in designing effective stormwa-drinking water reservoirs or recreational water bodies.

ter treatment controls.
Oil and Grease. Sources of oil and grease include motor ve-

�onstituents24 hicles, food service establishments, and fueling stations. Oil

Sediment. Roads, parking lots, and roofs are common sourcesand grease act as carriers for heavy metals and ~ontain hydro-

carbon compounds, which even at low concentrations may beof sediment due to wear. Unstabilized landscaped areas, stream

banks, unprotected slopes and denuded dirt areas also contrib-toxic to aquatic organisms.

ute. Sediment is a main component of total suspended solids
With proper maintenance ofstormwater management systems,

(TSS), and is detrimental to aquatic life. Sediment also trans-
pollutants infiltrating into the soil do not usually pose a risk of

ports pollutants such as trace metals, nutrients, and hydrocar-
contaminated soil or groundwater. Risk is greater when there is

bons that attach to each particle,
a concentrated source of pollutants, such as in a heavy indus-

trial site or in the case of illegal disposal.Organic Compounds. These compounds are derived from auto-
motive fluids, pesticides, and fertilizers. Organic compounds

A case study by the USGS of a groundwater recharge basin in
often attach to soil particles. Removal of soil particles from

Fresno showed that a wide variety of urban runoff pollutants
runoffvia sedimentation or filtration will likely reduce the sur-

were removed by sorption within the top 1.5 inches of sedi-
face water pollution potential of organic compounds as well.

ment in the basin, but no pollutants were found in the sedi-

ment at depth greater than six inches. This shows that the pol-

lutants have not traveled more than six inches deep - well above
the level of groundwater wells.25
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Pollutants, continued

Residential developments present the least potential of contami-
nation of groundwater or soil from infiltration systems, accord-
ing to a recent study completed by the EPA.26 This is because
residential developments generally have low concentrations of
pollutants, and the pollutants that are present have low solubil-
ity and mobility. High concentrations, when they occur, such
as nitrates and pesticides or an oil spill in a driveway, are local-
ized and small. Based on recent EPA analysis of groundwater
protection and infiltration, the Santa Clara Valley Water Dis-
trict, for example, is currently considering revising their policy
to permit infiltration basins 10 feet or less in depth.27

Risk of groundwater contamination from residential infiltra-
tion systems is further minimized by findings that metals tend
to remain within the upper one foot of soil depth. Organics
such as petroleum hydrocarbons migrate slowly downward- al-
lowing natural degradation to occur. Furthermore, drinking
water is typically drawn from significantly greater depths. In
the Santa Clara Valley, for example, wells pumped for drinking
water supply are deeper than 50 feet by ordinance. In some
portions of the valley, water companies pump from in the range
of 400 feet, much deeper than the potential migration of most
common pollutants. 28

Some pollutants, such as nitrates and solvents, can migrate to
depths that can ultimately threaten water supply wells. Illegal
dumping of waste oil, pesticides, herbicides, paint, paint thin-
ner and other chemical products into any type of infiltration
device presents additional risk to groundwater. Local water dis-
tricts and other agencies generally have policies and strategies to
protect groundwater supplies from these threats. These policies
are an attempt to balance the environmental benefits of infiltra-
tion with the compelling need to protect soil and groundwater
supplies.
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Drainage system elements

basin for settlement
and infiltration

S.5a Infiltration basin

S.S Drainage system elements. Drainage systems can achieve Infiltration basins can be either open or closed. Open infiltra-
stormwater management goals by using one of three basic ele-tion basins, which include ponds, swales, and other landscape

ments, either alone or in combination, depending on site and otherfeatures, are usually vegetated - the vegetation maintains the

conditions: infiltration, retention/detention, and biofilters, porous soil structure and reduces erosion. Closed infiltration

basins can be constructed under the land surface with open
S.Sa Infiltration. Infiltration is the process where water en-graded crushed stone, leaving the surface to be used for parking
ters the ground and moves downward through the unsaturatedor other uses. Subsurface, dosed basins are generally more diffi-
soil zone. Infiltration is ideal for management and conservationcult to maintain and more expensive than surface systems, and
of runoff because it filters pollutants through the soil and re-are used primarily where high land costs demand that the land
stores natural flows to groundwater and downstream water bod-surface be reclaimed for economic use.
ies. Infiltration systems are designed to infiltrate the majority of
runoff from small storms into the soil rather than discharging itOther design considerations include clogging that may occur in
into a surface water body. Infiltration basins can range from avery fine or poorly drained soils and impacts on slope stability

single shallow depression in a lawn, to an integrated swale, pond,of hillside sites. Infiltration basins are best installed at the end
and underground storage basin network, of construction, after the site is fully stabilized. If installed early,

bypass flows until the site is stabilized, as construction-related
Site soil conditions generally determine if infiltration is feasible,runoff may contain a high proportion of silts which can dog
In Soil Groups A and B (see 5.3) infiltration is usually accept-the basin floor.
able, but it is severely limited in Soil Groups C and D. It is also

limited where high groundwater, steep slopes, or shallow bed-    Infiltration systems have been used by Caltrans and local juris-

rock is present, dictions in California for about three decades29, though heaW
Bay Area soils sometimes limit their local application. The basic
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Drainage s stem elements, continued

opening for reduced ouqqow

basin for settlement

5.5b Retention/detention basin

design goal of infiltration systems is to provide opportunitiesThe permanent pool of a retention system and the storage vol-
for rainwater to enter the soil. This is generally accomplishedume in a detention basin are both sized equal to the runoff
by retarding the flow of runoff, and by bringing it in contactvolume from the stormwater quality design storm, plus an ad-
with the soil, either by holding it in ponds or moving it slowlyditiona120 percent of this volume for sediment storage. Deten-
along the ground surface. Infiltration basins are most economi-tion system outlets are generally sized to release 50 percent of
cal if placed near the source of runoff, but they should be avoidedthis volume within 12 to 16 hours, and the remainder in an-
on steep, unstable slopes or near building foundations, other 24 to 32 hours.

5.$b Retention and detention. Retention and detention Outlets of detention systems may clog easily if not properly
systems differ from infiltration systems primarily in intent. Whiledesigned and maintained. Retention system outlets must both
infiltration systems are intended to percolate water into the soil,maintain the permanent pool and slowly release runoff during
retention/detention systems are designed primarily to store run-each storm. Retention times in the permanent pool commonly
off for later release. Detention systems store runoff for one toare set at one to three days for removal of fine sediments, and
two days after a storm and are dry until the next storm. Reten-up to two weeks for removal of dissolved nutrients through bio-
tion systems usually have a permanent pool that retains the runofflogical uptake by wetland vegetation. Common outlet designs
volume until it is replaced during the following storm. Properlyare orifices, perforated risers, and V-notch weirs, with an emer-
designed retention/detention systems release runoff slowlygency spillway provided to safely convey storms larger than the
enough to reduce downstream peak flows to their pre-develop-stormwater quality design storm.
ment levels, allow fine sediments to settle, and uptake dissolved
nutrients in the runoff where wetland vegetation is included.So5, Bieflltees. Biofilters, also known as vegetated swales, are

Retention/detention systems are most appropriate for areas wherevegetated slopes and channels designed and maintained to trans-

soils percolate poorly, that is, C/D soils, port shallow depths of runoff slowly over vegetation. Biofilters
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shallots,, tu~h’ned su,ale

S.5� Biofilter

are effective if flows are slow and depths are shallow. This isbiofilters. Clay soils, or soils where vegetation are inhibited, are

generally achieved by grading the site and sloping pavement ingenerally not appropriate for biofilters.
a way that promotes sheet flow of runoff. For biofilter systems,

features that concentrate flow, such as curb and gutter, pavedBiofilters are especially applicable to parking lots, as the long

inverts, and long drainage pathways across pavement, must beaisles can be sloped into linear grass swales to collect and treat
runoff from pavement surfaces. Adjacent pavement elevationsminimized. The slow movement of runoff through the vegeta-
should be set slightly higher than the adjacent biotqlter. If watertion provides an opportunity for sediments and particulates to
enters at concentrated points, as opposed to sheet flow, erosionbe filtered and degraded through biological activity. In most
control should be included at inlets and outlets.3°

soils, the biofilter also provides an opportunity for stormwater
infiltration, which further removes pollutants and reduces run-

offvolumes.
Biofilters should be designed using the stormwater quality de-

sign storm. The peak depth of the hydrograph should be less

Slow, shallow sheet flow is maintained in the biofilter by con-than 3 inches and peak velocity less than 1 ft/second. Large

structing it with gently sloping sides (3:1 slope max.), minimalstorms should bypass the biofilter, or the biofilter should be

longitudinal slope (1 to 2% recommended, with check damssized to accommodate larger storms while meeting water qual-

for steeper slopes), and a flowpath length of at least 10 feet. Theity criteria. The bottom width of the swale is generally 2 to 8

key concept is to move water slowly through the vegetation,feet, with grass height of 4 to 6 inches and maximum water

The most common ground cover material is turfgrass, whichdepth of less than 2 inches.

must be irrigated through the dry season. For a turfgrass lined

biofilter to work effectively, the turf must be mowed regularly
and the cuttings removed.2’) Where slopes are less than 1% or

where groundwater is high, wetland vegetation can be used in
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System design techniques

aesthetics

shallow basin side slopes

access (. ~_. vegetation

multiple uses
(habitat)

multiple uses
(recreation)

two-stage design
(micro-pool)

low-flow channd

5.6 System design techniques. A variety of techniques are d. Low flow channel. A low-flow channel conveys dry-

available to design stormwater management systems for water weather flows and the last of captured volume to the basin

quality protection so that safety and aesthetics are maximized outlet.

while minimizing maintenance. A key element of system de-e. Vegetation. Plant vegetation to control erosion and en-
sign is to provide a means for managing the runoff from large hance sediment entrapment.
storms - either a spillway or an embankment designed to with-
stand overtopping. The stormwater management system is usu-f. Maintenance access. Access for maintenance must be

ally comprised of a series of individual elements- basins, swales included in the design of all elements. While most smaller

and pipes - in an interconnected, continuous system. Some of basins and swales can be serviced by typical garden mainte-

the techniques available to integrate these elements into the site nance methods, larger basins may require stable vehicular

plan and improve their functionality include: access ways to forebays and outlets for periodic cleaning or
dredging.

a. Two-stage design. Place 15 to 25% of the volume at a
g. Multiple uses. Incorporate flood control, recreational

lower stage to create a micro-pool that fills often, keeping
facilities, landscaping, and/or wildlife habitat into system

the rest of the basin dry and sediment-free most of the time.
design.

b. Basin side slopes. Set side slopes at 4:1 or flatter to
prevent bank erosion and minimize risk of drowning, h. Aesthetics. Integrate the basins and swales into the site to

take advantage of the aesthetic qualities of water and plant
�. Forebay. Design basins so that larger particles settle in

materials.
depressions at basin inlets, and so inflows do not erode or
resuspend materials in forebay. Plan for maintenance to

remove trash, debris and sediment that collects in the fore-
bay, as this is essential to protecting the aesthetic value of

the basin and in reducing long-term maintenance costs.
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Water qualit  volume

Stormwater systems are engineered to handle specific runoffdefining the water quality volume:
volumes and flow rates. For flood protection, systems are de- ¯ as a proportion of total annual runofffrom impervious sur-
signed with capacity for the expected peak runoff volumes and faces
flow rates of a given design storm size. This is known as the¯ as a depth of rainfall
"peak runoff volume." Peak runoff volumes and flow rates are ¯ as the runoff from impervious surfaces of a storm with a
calculated for various design storm sizes, depending on local particular recurrence interval.
conditions, codes, and the potential damage that can be caused
by flooding. Large drainage systems flood very infrequendy, butNote that the water quality volume applies only to impervious

areas. It is not generally necessary to treat runoff from perviousthey are expensive to construct. Therefore, drainage systems are
typically sized to balance flooding risk and cost. Street drainageareas. For this purpose, pervious areas are defined as those areas

systems are typically designed for a 10-year storm, meaning thatwith a coefficient of runoff of 0.30 or less, meaning that 70%

there is a 10 percent chance in any given year that a storm willor more of the rainfall landing on a given surface infiltrates into

be large enough to overwhelm the drainage system and floodthe soil.

the street. Since the flooding of a street once every ten years, on
Because BASMAA is an association of several stormwater pro-average, is a minor inconvenience, designing streets for a ten

year storm represents a generally accepted balance of protection
grams representing dozens of municipalities, each with differ-
ent circumstances, this document does not establish specificand cost. Homes and buildings suffer more severe damage from

flooding, and are typically designed to remain protected in thehydrologic criteria or a specific water quality volume.

100 year storm, meaning that the probability of flooding is oneAs with flood control, there are a variety of standards and ap-
percent in any given year. proaches for quantifying how to manage stormwater for water

The same need to balance costs and benefits applies to drainage
quality protection. The California Storm Water Quality Task

system design for storm~vater quality protection. Many pollut-Force, in its Storm Water Best Management Practice Handbooks

ants may be carried by small, frequent storms. Because of this(1993), and the Water Environment Federation/American So-

phenomenon, the water quality protection component of aciety of Civil Engineers in their jointly published Urban Runoff

drainage system can be designed to manage a much smaller vol-Quality Management (1998) each adopted an 80% annual cap-
ture rate as a standard of practice for the water quality volume.ume and flow rate of water than the flood protection compo-

nent. Also, because most rainfall occurs in small, frequent storms,In the San Francisco Bay Area, this translates into approximately
the first 0.50-1.25 inches of rain, or a two-year recurrence in-water quality systems with relatively small capacities can have a
terval storm.large impact in minimizing overall runoff and preserving base

stream flows. The Center for Watershed Protection in Silver Spring, MaW-
land, a leading independent research center, recommends a 90%

This amount of water that can be managed to protect water
annual capture rate. Some jurisdictions, such as the City ofquality is called the "water quality volume (wqv)." The water

quality volume can be managed through pollution prevention,Olympia (WA) and the Washington State Department of Ecol-

infiltration, retention/detention, and biofiltration,
ogy, have focused on reducing impervious land coverage, adopt-
ing impervious surface reduction targets rather than emphasiz-

The wqv is the amount of runoff from impervious areas thating a specific water quality volume.

must be managed before being released into the conveyance
storm drain network or receiving water. As with flood control
volumes, there are a variety of approaches and standards for
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Manufactured treatment systems

media filter

Some areas are so densely developed that streets, buildings andare available, gener’al product categories are presented here.
walkways provide almost complete impervious land coverage.
Here, land values prohibit the use of landscape solutions suchCatch basin ar inlet inserts. Mso referred to as inlet filters, catch

as biofilters, infiltration basins, or wet ponds. In addition, thebasin inserts are trays or baskets containing filter and/or oil-

soil conditions in these highly urbanized locations often do notabsorbent materials installed on the inside of storm drain inlets

support infiltration, further reducing the practicality of land-to filter and capture pollutants. They work through filtration,

scape stormwater quality systems, settling, and absorption.

In these areas, if treatment is required, manufactured treatmentSeparators. These devices (also called oil/grit or oil/water sepa-

systems can be inserted into a conventional conveyance stormrators, water quality inlets, interceptors) are structures designed

drain system. In some cases, these devices can supplement moreto remove pollutants from a wastewater stream based on physi-

integrative site planning and landscape strategies, cal differences between the pollutant and water. Lighter mate-
rials such as oil and buoyant trash will float to the surface and

These devices are available from many manufacturers, and gen-heavier materials such as sediments will sink.
erally function to separate urban pollutants from runoff. They
have minimal impact on reducing overall runoff volumes orMediaf!lters. These devices use media to filter pollutants from

mitigating peak flows. Other considerations include both ini-urban runoff. Media includes sand, gravel, peat, compost, acti-

tial expense and the cost of intensive, regular maintenance rec-vated carbon, fabric, and resin.

ommended by device manufacturers, which can include trash
In a watershed plan that employs clustered, dense development

removal, replacement of filters, flushing cartridges, and vacu-
uming of sediment, to preserve open space, on-site treatment in the more densely

developed portion of the watershed may not be necessary. Dense

Though promoted by their manufacturers, these devices areor clustered development allows for significant areas to be pre-

considered experimental by the scientific community, and theirserved and remain undeveloped, reducing the need to mitigate

efficacy is still under study. Though many proprietary designsthroughout the entire watershed.
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Once a site plan is generated, a multitude of small design deci- Site Design and Landscape Details

sions must be made, each of which will affect the hydrology of a

development. These design decisions include selection of paving 6.1 Permeable pavements
6.2 Streets

materials, collection of roof runoff, grading of landscaped areas,    6.3 Parking lots

and many other details.                                           6.4 Driveways
6.S Buildings

6.6 Landscape
6.7 Outdoor work areas

Any particular detail may make little difference in the overall

impact of a development, but taken together, these details exert a

profound influence on the ability of a development to meet storm-

water quality goals. Consistent with the concept of starting at

the source, these details look for opportunities to manage small

quantities of runoff at many diverse locations throughout a site.

A variety of design techniques and details arepresented in this

chapter. Each illustrates an approach to design and construction

for maximizing infiltration, providing retention, slowing run-

off and minimizing impervious land coverage. The techniques

presented here are not all-inclusive, and may not be appropriate

for every site or condition, but it is hoped that, once the intent of

these details is understood, designers and builders will use their

ingenuity to develop additional strategies consistent with water

quality goals.

Look for opportunities

throughout the site.

¯ For more information about these design details, see Chapter 8.
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Design Details Matrix
This matrix summarizes the details described on the following pages by
their initial construction cost, maintenance cost, relative effectiveness at meet-
lng stormwater quality goals, and their suitability for use in expansive, clay
soils. Conventional approaches are also evaluated for comparison.

Legend O D ¯

6.1 Permeable pavements 6.4 Driveways

ConvenHonal asphalt/concrete ) C) C) ¯ Conventional driveway

6.1a Pervious concrete ¯ ¯ ¯ O 6.4a Notdirectly-connected

6. lb Porous asphalt ¯ ¯ ¯ O
impervious driveway

6.4b Crushed aggregate
6.1 c Turf block ~ ¯ ¯

6.4c Unit pavers on sand
6.1d Brick ¯

6.4d Paving only under
6.1e Natural stone ¯

wheels
6.1f Concrete unit pavers ¯

6.4e Flared driveways
6. lg Crushed aggregate     O          ¯    ¯

6.4f Temporary parking
6.1h Cobbles              O           }      ¯

6°2 Streets Conventional pipe system
Conventional street standards¯ C) C) ¯

6.5a Dry-wall
6.2a Access street: urban O     O    ¯    ¯

neo-traditional standard                                 6.5b Cistern

6.2b Access street: ruralO

standard 6.5d Pop-up emitters

6.2c Urban curb/swale system| ~ ¯ D 6.5e Building materials

6.2d Rural swale system O | ¯ ~) 6.6 Landscape

6.2e Dual drainage system̄ ¯ ¯ ¯ Conventionalpipe system

6.2f Concave median O O ¯ ~ 6.6a Grass/vegetated swales

6.2g Cul-de-sac O O ¯ | 6.6b Extended detention
(dry) ponds

6.3 Parking lots

6.3a Hybrid parking lot O | ¯ ¯
6.6c Wet ponds

6.6d Plant species selection
6.3b Parking grove         )      O    ¯     ¯

for infiltration areas
6.3c Overflow parking     O     |     ¯     ¯

6.6e Landscape maintenance
6.3d Porous pavement re-̄ ¯ ¯ ¯ for stormwater systems

charge

¯For more information about these design details, see Chapter 8.~" Details are indicated sukabie for clay if they either reduce DCIA or can be
designed as retention/detention systems.
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Permeable pavements

vervious concrete

~, ’¢ ~ %’*

reservoir base course

6.1 Permeable pavements. Permeable pavements are a structure to deform. The angular sides of a crushed stone

method of infiltrating stormwater while simultaneously provid- base will form an interlocking matrix, allowing the surface

ing a stable load-bearing surface. While forming a surface suit- to remain stable.

able for walking and driving, permeable pavements also con-Depending on the use of the surface, a permeable, engineered

rain sufficient void space to infiltrate runoff into the underlyingbase section may need to be added to support the intended load.

reservoir base course and soil. In this way they can dramaticallyThis applies to areas subject to heavy vehicle loads, but is also

reduce impervious surface coverage without sacrificing inten-important for large areas where settling could result in unwanted
sity of use. puddles in areas such as pedestrian walkways.

There are three main categories of permeable pavements: poured-Pervious concrete and porous asphalt are two emerging

in-place pervious concrete and porous asphalt, unit pavers-on-paving materials with similar properties. Like their impervious,
sand, and granular materials, conventional counterparts, both make a continuous, smooth

paving surface. They differ from their conventional counter-
All of these permeable pavements (except turf block) have inparts in that they allow water to pass through the surface course
common a reservoir base course. This base course provides ato the rock base course that serves as a reservoir and infiltration
stable load-bearing surface as well as an underground reservoirbasin for stormwater. Both pervious concrete and porous as-
for water storage. The base course must meet two critical re-phalt share similar design considerations.
quirements:

¯it must be open graded, meaning that the particles are of a6.1a Pervious concrete. Pervious concrete, also known as

limited size range, so that small particles do not choke thePortland cement pervious pavement, is most commonly used
voids between large particles. Open-graded crushed stonein Florida, where it was developed in the 1970s. Pervious con-

of all sizes has a 38 to 40% void space, allowing for sub-crete is a discontinuous mixture of coarse aggregate, hydraulic

stantial subsurface water storage.3~ cement and other cementitious materials, admixtures, and wa-
¯ it must be crushed stone, not rounded river gravel. Roundedter, which forms a permeable pavement.

river gravel will rotate under pressure, causing the surface
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Permeable pavements, continued

porous asphalt su~ace course
1/2 to 3/4" aggregate with asphalt binder

filter course
1/2" aggregate only

reservoir base course
1 to 2"aggregate

minimal compaction

6.1b Porous asphalt

(adapted from City of Rockville, MD. specifications)

Pervious concrete, like other concretes, acts as a rigid slab. It hasPorous asphalt is used by Caltrans as a wearing course on flee-
an appearance very similar to exposed aggregate concrete, andways because its porosity creates a superior driving surface in
provides a similar walking or riding surface. An aggregate baserainy weather. These installations are always over an imperme-
course can be added to increase total pavement thickness orable asphalt layer and are not permeable pavements.33

hydraulic storage. Pervious concrete is an extremely permeable
material: in tests by the Florida Concrete and Products Associa-In installations where porous asphalt has been used over a per-

tion, permeability of new surfaces has been measured as high asmeable base, the pavement becomes an infiltration system, al-

56 inches per hour. With improper installation or mix, perme-lowing water to pass through the surface and collect in the open-

ability can be reduced to 12 inches per hour. Even after attemptsgraded aggregate base, achieving stormwater management with-

to clog the surface with soil by pressure washing, the materialout curb or gutter systems. In these sites, mostly parking lots

retained some permeability.32 Because of its porosity, perviousand light duty roads in the eastern United States, permeability

concrete pavements usually do not require curbs and gutters forhas been maintained over long periods without special mainte-

primary drainage control, nance. The oldest porous asphalt pavement in the United States,
at the University of Delaware Visitors’ Center, was built in 1973,

6.1 b Porous asphalt. Porous asphalt consists of an open-and is still permeable and structurally sound after 23 years.34

graded asphalt concrete over an open-graded aggregate base, over
On light duty streets built of porous asphalt, some loss of po-a draining soil. Unlike traditional asphalt concretes, porous as-

phalt contains very little fine aggregate (dust or sand), and isrosity occurs in localized areas due to sedimentation or scuffing

comprised almost entirely of stone aggregate and asphalt binder,at intersections due to repeated wheel turning, but the overall

giving it the common name "popcorn mix." Without fines fill-performance of the pavement is not significantly compromised.35

ing the voids between larger particles, porous asphalt has a void
content of 12-20%, making it very permeable. Pervious concrete andporous asphalt design considerations: Seal-

ing and clogging of the pavement surface is possible, even with
maintenance and high power vacuuming. Most successful in-
stallations are in Florida and other coastal areas where slopes are
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flat, soils sandy, and winter sanding/salting minimal. Avoid in-

stallation in high traffic areas, and stabilize surrounding land toCoefficients of Runoff

minimize sediment deposition on the pavement. The chart below illustrates ~ypical ranges for the coeficient of runoff (C) for
various materials.~

Installation must meet special requirements. Subgrade unifor-� = o.o o.~ o.~ o.~ o~ 1.o
mity is essential, and slopes over a few percent are not recom- least runoff most runoff

mended because of potential subgrade erosion. A permeable base I
and an infiltration rate of at least 0.5 inches/hour in the native~ores~ ~~ O.1 - 0.3

soil is required (i.e. a HSG A or B soil).
lurf meadow
¯ ~%slope ~~ o.~ - o

Installation of pervious concrete and porous asphalt requires 2:1 dope o.s - 0.7
special tools and has narrower tolerances than traditional con- I
cretes or asphalts. Finally, lack of independent testing (espe-silt loam

~ 1% slope ~ o.o7 - o.12
cially in the case of pervious concrete) limits the ability to make steep slope

~ O. 18- 0.24
judgements about long-term performance.

Unit costs of these permeable pavements are greater than tradi-clay
51% slope ~0.1 S - 0.20

tional concrete and asphalt, though this cost can be offset by ~ slope ~ 0.28 - ~.38

not building a curb and gutter drainage system. Potentially a
valuable means of reducing impervious land coverage in areasgravel 0.35 o 0.70 ¯ ~ ~l

requiring a large, smooth pavement, their relative unfamiliarity,
special requirements and lack of conclusive testing have made

asphalt 0.7 - 0.9S

pervious concrete and porous asphalt little used in the San Fran-concrete 0.8 - O.9S
cisco Bay Area to date. If these materials begin to gain wider                                        I

local acceptance, their relative costs will likely go down.
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Permeable pavements, continued

brick
tu~block

permeable joint materials

,~ ’ ;, ,:’.’..,

~ ’ ; .." ~ ’ sand setting bed

reservoir base course
uncompacted soil

6.1 c Turf block 6.1 d Brick

Unit pavers-on-sand. A wide variety of unit pavers are avail- units have runoffcoefficients of from 0.05 to 0.35, depending
able for use in outdoor applications. Unlike poured-in-placeon slope, and surface configuration.37

concretes or asphalts, which create one continuous surface, unit
pavers are discrete units that are set in a pattern on a preparedWhen planted with turf, they are generally most successful in

base. This gives unit pavers great flexibility in design, construc-overflow parking areas, driveways, or emergency access roads. If
installed in heavily used parking areas the turf often does nottion, and maintenance. Open-celled unitpavers are designed to

create a permeable pavement surface, allowing water to passget adequate sunlight, and on heavily traveled roadways it can

through precast voids. Solid unit pavers, made of impermeablebe worn away from tire abrasion. Occasionally open celled unit

materials, can produce permeable pavement surfaces if they arepavers are filled with alternatives to turf, either an inert gravel

spaced to expose a permeable joint and set on a permeable base.or a lower maintenance groundcover such as chamomile, that

Unit pavers are available in many colors, shapes, and textures,can absorb some traffic. Because of their irregular surface, open

Sometimes colored concrete is stamped to appear like unit pay-celled unit pavers generally do not provide comfortable walking

ers, but this pavement surface performs both hydrologically andsurfaces, though the degree of comfort varies depending on de-

structurally like a poured concrete slab, and does not providesign.

the stormwater infiltration opportunities of unit pavers-on-sand.
6. ! d Brick. Clay fired brick is an ancient, solid paving mate-

6. I � Turf black. Turf block is one example of an open celledrial of great durability and flexibility. When laid on a permeable

unit paver. These open celled unit pavers are available in bothbase with sand joints, brick paving provides an opportunity for

precast concrete or plastic, and are filled with soil and planteda limited amount of stormwater infiltration, especially at low

with turf. They were developed in Germany in the 1960s torainfall intensities. One experiment found coefficient of runoff

reduce the "heat island" effect of large parking areas and arevolume to rainfall volume between 0.13 and 0.51 at half hour

now used throughout the world. The products vary in size,rainfall intensities up to 0.03 inches, increasing to between 0.66

weight, surface characteristics, strength, durability, interlock-and 0.76 at intensities between 0.06 and 0.12 inches per half

ing capabilities, proportion of open area per grid, runoff char-hour.38 The larger the joints, the greater the permeability.

acteristics, and cost. Laboratory tests have shown that open celled
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natural stone

i
permeablejoint materials

concrete unitpaver

(sand)

sand setting bed .o I " ’

reservoir base course reservoir base course

6.1 e Natural stone 6. If Concrete unit pavers

Brick is available in a wide range of colors and finishes, and canment. Stones set in these tighter sand joints can be expected to
be set in a variety of patterns. When laid on sand, it creates ahave a permeability similar to brick-on-sand.
very suitable walking or riding surface. Though it was widely
used for roads in the early part of this century, it is today gener-Because of their high cost natural stone pavements are gener-

ally used for driveways, pathways, plazas, and patios, ally limited to patio areas or walkways, where they can be at-
tractive accents. Some stone materials, such as flagstone and slate,

Because brick is a relatively soft material, brick pavements canare relatively brittle and suitable for pedestrian areas only. Paving
develop a rich character over time as the surface becomes slightlymade of harder stone, such as granite, can bear vehicular loads.
worn with use and the natural colors and textures are exposed.
Brick is generally comparable in cost with other solid unit pav-6. ¶ f Concrete unit pavers. Solid precast concrete unit pav-

ers, though shipping costs and special finishes or colors can af-ers are available in a wide variety of colors, shapes, sizes, and

fect price significantly, textures. They are designed to be set on sand, and form an in-
terlocking pavement surface that can bear heavy traffic loads.

6. ¶ e Natural stone. Natural stone paving materials are avail- Their permeability and performance is similar to brick-on-sand.
able in a wide variety of shapes and colors. Because of their highSome manufacturers are now producing concrete unit pavers
cost and relative brittleness, they are usually laid in thin pieceswith small voids to increase permeability (e.g. "Ecostone"). The
on a mortar bed over concrete, making an impervious pave-cost of concrete unit pavers is generally the lowest of all unit
ment. Some natural stone materials, such as flagstone and gran-pavers, though it can vary depending on shipping, special col-
ite, are available in thicker slabs suitable for laying on sand.ors or finishes.
When laid in a random pattern with wide sand, gravel, or soil
joints (from 1/2 to 4 inches) random cut stone can create aUnit pavers-on-sand considerations. Installation costs for unit

highly permeable pavement. The joints can be planted with smallpavers on sand are higher than traditional asphalt or concrete

groundcovers or left bare. Smaller, square cut stones can also bepaving. Unit pavers-on-sand, however, are generally less expen-

made into permeable pavements. The cobblestone walks of oldersive to install than mortar-set unit pavers on a rigid concrete
base, especially considering the added cost of drainage struc-European cities are a familiar example of natural stone pave-
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Permeable ioavements, continued

crushed aggregate

landscape fabric
(optional)

reservoir base course

6.1 g Crushed aggregate

tures required for the mortared design. Solid unit pavers re-pending on the aggregate size, these granular pavements have a
quire no special maintenance, though the joints between unitsrunoff coefficient of 0.20 to 0.40.39

may require occasional weed supression, depending on the size
of the joints, the subgrade, and other conditions. Grassed open-6. ! g Crushed aggregate (gravel). A variety of crushed ag-

celled unit pavers require the same maintenance as lawns. Open-gregates, generally known as gravel, can be used to form a per-

celled pavers filled with gravel require periodic "topping off" ofmeable pavement. Aggregates are available in many sizes, rang-

the voids to replace gravel picked up by tire tread and pedestrians,ing from approximately 2" to sand sized grains known as "fines."
Relatively inexpensive to purchase and easy to install, gravel can

Unit pavers are especially valuable for walkable surfaces aroundbe laid in any shape or configuration. To keep aggregates con-
trees, as they allow infiltration of water and air. If root growthfined to its desired area, it is laid in a field that is bounded by
causes the pavement surface to become uneven, the unit paverssome rigid frame such as wood header, metal edging or concrete
can be removed and reset smoothly. Differential settlement canband. Many colors, grades, and types of parent material are avail-
occur in a pavement made of unit pavers on sand, creating trip-able, including crushed decomposed granite, base rock, and pea
ping hazard. This most often occurs if the base is improperlygravel. In selecting gravel pavements for pedestrian or vehicular
prepared, but can be remedied by recompacting the base andtraffic, crushed stones provide the most suitable surface, as the
relaying the pavers. Penetration of mineral and organic particlesangled facets of the aggregate form an interlocking, semi-rigid
into narrow sand joints of solid unit pavers-on-sand can severelymatrix. Naturally worn small stones, such as pea gravel, have
limit permeability over time. smooth round surfaces which rotate under pressure, making for

a less firm footing. For surfaces subject to vehicular use, crushed
Granular materials. A wide variety of loose aggregates can be gravel sizes between 3/8" and 3/4" make a stable surface that is
made to form permeable pavements suitable for walking, jog-also easy to walk on.
ging, biking, or light vehicular traffic. The size of these granular
materials ranges from fine aggregates to large stones, and can beFound in a variety of settings ranging from Parisian cafes to
divided into two general categories: gravels and cobbles. De-Japanese ceremonial gardens to rural roadways, crushed aggre-
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gate is a versatile, economical permeable pavement material withthough this can be minimized by laying permeable landscape
a long history of use. fabric between the gravel and subgrade. Installation costs for

gravel and other granular materials are generally the least of all
@. ~ h ~ohhle$o Larger granular materials are known as cobbles,permeable pavements, but require a degree of periodic mainte-
Cobble sizes generally range from approximately 6" to 24" di-nance to preserve the integrity of the pavement surface.
ameter and are available in a variety of stones and colors. Cobbles

do not make a suitable surface for walking or vehicular traffic,~oncrete nnd osphnito Conventional concrete and asphalt

but are useful as a permeable pavement in areas where little traf-(technically known as portland cement concrete and as-
fic is desired, such as under large trees, or in hard to maintainphaltic concrete, respectively) are impervious pavements widely

areas such as median islands. Cobbles have similar construc-used in site development. Because of their ease of installation,

tion characteristics as gravel, except they are somewhat moreflexibility, durability, economy, and load bearing capabilities,

labor intensive to install because each cobble must generally beconcrete and asphalt are the most commonly used pavement
set individually, materials. With a runoff coefficient of near 1.0, conventional

concrete and asphalt pavements are principal contributors to
6.1i Wood mulch. Wood mulches and wood chips are amongimpervious land coverage in most development.
organic granular materials that can be used as permeable sur-

faces suitable for light pedestrian use. Some of these mulchesIn site design for stormwater quality, these materials are best
meet federal require[nents for playground fall surfaces, and canused sparingly. If more permeable pavement materials cannot
be inexpensive, permeable pavements for outdoor play areas,be used, minimizing the area of concrete and asphalt surfaces

through clustering and other techniques will reduce the result-
Granular materials considerations. If laid on a slope, and sub-ing impervious land coverage. For remaining area, designing
jected to moderate traffic or concentrated runoff, loose gravelasphalt and concrete pavement surfaces to slope towards infil-
can be displaced and require periodic regrading. Organic mate-tration basins instead of into directly-connected collection struc-
rials such as bark or wood chips decompose over time and musttures will minimize their negative impact on water resources.
be replenished. Weed abatement may be required periodically,

Bay Area Stormwater Management Agencies Association 53

C--096588
(3-096588



access street local street More than any other single element, street design has a power-
serves abutting properties serves nelgbhorhood ful impact on stormwater quality. Streets and other transport-

<+-500ADT +500to !,500ADT related structures typically can comprise between 60 and 70%
least pavement width moderate pavement

width of the total impervious area, and, unlike rooftops, streets are
almost always directly connected to an underground stormwa-

ter system.4°

The combination of large, directly connected impervious areas,

together with the pollutants generated by automobiles, makes
the street network a principal contributor to nonpoint source

pollution. Locally, the Santa Clara Valley Urban Runoff Pro-
gram estimated that automobiles were the source of half or more

of the copper, cadmium and zinc in its waterways.4~

Street design is usually mandated by local municipal standards.

These standards have been developed since World War II to

facilitate efiqcient automobile traffic and maximize parking. Most
require large impervious land coverage, with a typical Bay Area

collector or arterial local street standard mandating that 85% or more of the public
bounds neighborhood right-of-way be covered with impervious pavement.
~ 1,500ADT
greatest pavement width

In recent years new street standards have been gaining accep-
tance that meet the access requirements of local residential streets

while reducing impervious land coverage. These standards gen-
erally create a new class of street that is smaller than the current

local street standard, called an "access" street. An access street is

at the lowest end of the street hierarchy and is intended only to
provide access to a limited number of residences.

Two approaches in particular have been implemented with suc-
cess in various American communities: "neo-traditional design"
and "headwaters streets.’’42 Neo-traditional design seeks to emu-

late the tree-lined, compact streets found in pre-war, traditional

residential neighborhoods. The headwaters streets concept sug-
gests that streets be scaled to trafiqc volume just as stream size

increases with water volume. Both strategies allot street space

according to anticipated traffic levels rather than mandating a
predetermined number of vehicle lanes.

Recognizing that street design is the greatest factor in a

development’s impact on stormwater quality, it is important that
designers, municipalities and developers employ street standards

that reduce impervious land coverage.
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i curb/gutter optional metal, wood, or concrete header
to protect roadway edge

;d~ P(~r~i~gr /~Woat~t~;gde~;ace

~~~~. ... ~c~,~ parking on shoulder

sidewalk gravel shouldo two narrow moving
with parkway planting with swale and trees lanes

moving space

6.2a Access street: urban neo-traditional standard 6.2b Access street: rural standard

74± % impervious land coverage 36± % impervious land coverage

Two types of access streets can be built using neo-traditionaltion of parking are two issues in rural street design. Roadway

standards: urban or rural, edge protection can be achieved by flush concrete bands, steel

edge, or wood headers. Parking can be organized by bollards,
6.2a Urban neo-traditional standard. An urban standard trees, or allowed to be informal. On very low volume, low speed,
will utilize curbs and gutters, though the gutter may be tied to aaccess streets, sidewalks may not be required, as pedestrians walk
biofilter or swale rather than an underground storm drain. Ac-in the street or on the shoulder.
cording to an informational report published by the Institute of

Transportation Engineers (ITE), pavement widths for neo-tra-The current typical municipal street standards that mandate 80
ditional urban streets are typically from 26 to 30’ wide with ato 100% impervious land coverage in the public right-of-way
shared central moving lane, and parking permitted on one orare a principal contributor to the environmental degradation

both sides. Sidewalks are provided on at least one side of thecaused by development. A street standard that allows a hierar-
street, though usually preferable on both sides.43 chy of streets sized according to average daily traffic volumes

yields a wide variety of benefits: improved safety from lower
6.2b Rural Standard. A rural standard can be used where speeds and volumes, improved aesthetics from street trees and
aesthetics and other factors permit, with curbs and gutters re-green parkways, reduced impervious land coverage, less heat is-
placed by gravel shoulders, further reducing construction costsland effect, and lower development costs. If the reduction in
and improving opportunities for stormwater infiltration. Thestreet width is accompanied by a drainage system that allows for
gravel shoulders are graded to form a drainage way, with oppor-infiltration of runoff, the impact of streets on stormwater qual-
tunities for infiltration basins, ponding and landscaping. A nat-ity can be greatly mitigated.
row two-lane paved roadway is provided, approximately 18 to
22 feet wide. Most of the time single vehicles use the center ofStreet width considerations. The experience of both the pre-war

the paved roadway. When two cars are present moving in oppo-traditional streets and newer subdivisions ofneo-traditional de-

site directions, drivers reduce speeds and move towards the rightsign has shown that low volume streets with shared moving lanes
hand shoulder. Protection of the roadway edge and organiza-can be safe, often safer than wider streets, because drivers are
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Streets, continued

infiltration swale/biofilter

6.2� Urban curb/swale system

more cautious. These neo-traditional streets are designed for
traffic speeds between 15 to 25 mph, compared to a design speed

¯ ¯ 44    ¯of 30 mph for most current municipal standards. This reduced
design speed increases safety, particularly for pedestrians. Nev-
ertheless, shared moving space may promote unsafe conditions
or high incidences of driver inconvenience iftrafflc volumes are
much above 500-750 ADT. On access streets where bicycle traffic
is especially high, such as designated bike routes or in university
towns, wider streets may be advisable to provide adequate space.

Emergency service providers often raise objections to reduced
street widths. Typical Fire Department standards require greater
moving space for emergency access than accommodated by neo-
traditional designs. A principal concern is that emergency ac-~
cess may be blocked if a vehicle becomes stalled in the single
moving lane. Grid street systems provide multiple alternate
emergency access routes to address this concern, though there
may be a marginal increase in response times. Documenting
the number of instances where delay has occurred in existing
pre-war neighborhoods with street widths below current Fire
Department standards may be a suitable way to asses the risk of Inlet detail for urban curb/swale system

this situation arising in new neighborhoods with neo-traditional Just as a drop inlet collects runoff into an underground
pipe system, a swale inlet collects runoff into a sur-

street design, and to balance it with the demonstrated increased face inf’dtration system. This swale inlet includes boul-
risk from higher traffic speeds on wider streets, ders set in soil to dissipate flow velocities and mini-

mize erosion.
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culvert under intersections bollards or bollards and chain
(optional for vehicle control)

curb at comers

vegetated swale or
gravel shoulder

6.2d Rural swale system

Emergency service access is one factor of many that form a gen-6.2� Urban curb/swale system. On streets where a more
eral assessment of neighborhood safety. One way to balanceurban character is desired, or where a rigid pavement edge is
emergency service access with the benefits of access streets is torequired, curb and gutter systems can be designed to empty
allow parking on one side only to preserve a wider moving space,into drainage swales. These swales can run parallel to the street,

in the parkway between the curb and the sidewalk, or can inter-
Hillside sites have special access concerns and fire risks. Becausesect the street at cross angles, and run between residences, de-
of the potential of shared moving lanes to be blocked by a singlepending on topography. Runoff travels along the gutter, but
vehicle, with no comparable alternate route, reduced streetinstead of being emptied into a catch basin and underground
widths may not be advisable on long cul-de-sac streets or nar-pipe, multiple openings in the curb direct runoff into surface
row hillside sites, swales or infiltration/detention basins. Ifplanted with turfgrass

and gently sloped, these swales function as biofilters (see Drain-
St,eet d,ainag®. Current Bay Area municipal standards gen-age systems 5.5c). Because concentration of flow will be highest
erally require concrete curb and gutter along both sides of a

at the curb opening, erosion control must be provided, which
residential street, regardless of number of houses served. Themay include a settlement basin for ease of debris removal.
curb and gutter serves several purposes: it collects stormwater
and directs it to underground conveyance drainage systems, it6.2d Rural swale systems. On streets where a more rural
protects the pavement edge, it prevents vehicle trespass ontocharacter is desired, concrete curb and gutter need not be re-
the pedestrian space, it provides an edge against which streetquired. Since there is no hard edge to the street, the pavement
sweepers can operate, and it helps to organize on-street parking,margins can be protected by a rigid header of steel, wood or a

concrete band poured flush with the street surface. Parking can
Curb and gutter systems provide a directly connected conduitbe permitted on a gravel shoulder. If the street is crowned in the
to natural water bodies and may act to collect and concentrate

middle, this gravel shoulder also can serve as a linear swale, per-
pollutants. There are two alternatives to typical curb and guttermitting infiltration of stormwater along its entire length. Be-
systems that meet functional requirements while lessening thecause runoff from the street is not concentrated, but dispersed
street’s impact on stormwater quality.
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Streets, continued

First catch basin: sized
for water quali~y volume, Second catch basin: sized for high

ouq~ow to swale flow, bypasses first catch basin,
connects to storm drain system

6.2e Dual drainage system

along its entire length, the buildup of pollutants in the soil isStreet drainage considerations. The perception that surface swale

minimized. If parking is not desired on the shoulder, or if itsystems require a great deal of maintenance is a barrier to their
needs to be organized, bollards, trees or groundcovers can beacceptance. In practice, maintenance is required for "all drainage
installed along the shoulder to prevent vehicle trespass, systems, and surface systems can require comparable or less main-

tenance than underground systems. Design factors for low main-
In these ways edge treatments other than continuous concretetenance include:
curb and gutters with underground drainage systems can be ¯ erosion control at curb openings
integrated into street design to create a headwaters street system̄  shallow side slopes and flat bottoms (as opposed to ditches
that minimizes impact on stormwater quality and that captures which erode)
the most attractive elements of traditional neighborhood design. ¯ planting with easily maintained groundcover such as turf

¯minimizing weeds through proper plant selection or instal-
6.2e Dual drainage system. A dual drainage system is one

lation of permeable landscape fabric.
that captures the first flush of rainfall from the 2-year storm
event in a catch basin that outflows to a grass swale with smallMaintenance practices for surface systems are different than most
check dams. Consituents are filtered as water passes throughurban Public Works Departments currently practice, and some
the swale, to the outlet that directs flow back into the mainemployee retraining may be required to facilitate maintenance
storm drainage system. Runoff in excess of the 2-year stormof street systems using surface swales instead of concrete curbs
event is captured by a second catch basin that is directly con-and underground pipes. One advantage of surface drainage sys-
nected to the storm drain. This system can work effectively atterns is that problems, when they occur, are easy to fix because
treating the small storms while making provisions for the largethey are visible and on the surface.
storms.
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Conventional median design: convex surface 6.2f Concave median

Medians. Sometimes streets are designed with central medians
to divide tra~c for safety or aesthetics.

Conventional median design includes a convex surface ris-
ing above the pavement section, with drainage directed towards
a curb and gutter system. Runoff is conveyed rapidly off the
median and the street directly into a catch basin/underground
pipe system, concentrating pollutants and carrying them to water
bodies.

6o2f Concave median. If the soil level in the median is de-
Catcl~-basin design for medians.signed as a concave surf’ace slightly depressed below the pave-

ment section, water is directed from the street into the median ....

Concave medians are especially valuable at treating the first-
flush runoff, which carries a high concentration of oils and other
pollutants off the street, especially if the median is designed as a
landscaped swale or turf lined bioiqlter. Because of the relatively l 1
small area provided by the median for stormwater infiltration
and retention, a catch basin and underground storm drain sys-A catch basin located at the low Like an overflow drain in a bath-

tem may be required. By setting catch basin rim elevations justpoint ofa conventional convex me- tub, a catch basin located just be-
dian and gutter collects all runoff low the pavement surface, and a

below the pavement elevation, but above the flow line of the- including the first flush, few inches above the flow line of a
infiltration swale, a few inches of water will collect in the swale concave median, provides an op-

before overflowing into the underground system, portunity to pond runoffwhile also
providing drainage for larger
storms.
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Streets, continued

slope towards center island

fire access loop

landscaped infiltration/detention basin

6.2g Cul-de-sac

6.2g Cul-de-sac. Cul-de-sac streets present special opportu-
nities and challenges. Because cul-de-sac streets terminate, they
require a turn-around area large enough to accommodate large
trucks, such as occasional moving vans and emergency access
vehicles. Fire departments, in particular, often require 60 feet
or greater diameter turnarounds. If an entire 60 foot diameter
turnaround is paved, it creates an 11,000 square foot impervi-
ous circle, or I/4 acre of impervious land coverage. Aside from
the implications for stormwater quality, this is especially unfor-
tunate as a design element, because it creates an unattractive
heat island at the front of several homes.

A turnaround with a central concave landscaped area can create
an opportunity for stormwater infiltration or detention. A land-
scaped area in the center of a cul-de-sac can reduce impervious
land coverage 30 to 40%, depending on configuration. Design
of a landscaped cul-de-sac must be coordinated with fire de-
partment personnel to accommodate turning radii and other
operational needs.

60 Start a~’ the, Source

C--096595
(3-096595



impervious aisle permeable stalls

~I.,.... ~"" ’ ’ " "’ ’~ "~
’"’.: ?-:"" ..

-.~

6.3a Hybrid parking lot

6.3 Parking lots. In any development, storage space for sta-the lot. The stalls, on the other hand, need only be designed for
tionary automobiles can consume many acres of land area, of-the 2 or 3 mph speed of vehicles maneuvering into place. Most
ten greater than the area covered by streets or rooftops. In aof the time the stalls are in use, vehicles are stationary. Hybrid
neighborhood of single family homes, this parking area is gen-
erally located on private driveways or along the street. In higher
density residential developments, parking is often consolidated
in parking lots. ,~

The space for storage of the automobile, the standard parking
stall, occupies only 160 square feet, but when combined with
aisles, driveways, curbs, overhang space, and median islands, a
parking lot can require up to 400 square feet per vehicle, or
nearly one acre per 100 cars. Since parking is usually accommo-
dated on an asphalt or concrete surface with conventional un-
derground storm drain systems, parking lots typically generate
a great deal of directly-connected impervious area.

There are many ways to both reduce the impervious land cover-
age of parking areas and to filter runoff before it reaches the
storm drain system.

6.3a Hybrid parking lot. Hybrid lots work on the principle
that pavement use differs between aisles and stalls. Aisles mustHybrid parking lot.

be designed for speeds between I0 and 20 mph, and durableThis hybrid lot in a mixed-use development in MediCord Village, N.J. uses
crushed aggregate parking stalls and a conventional asphalt aisle.enough to support the concentrated traffic of all vehicles using~photo: Bruce Ferguson)
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Parking lots, continued
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6.3b Parking grove

lots reduce impervious surface coverage in parking areas by dif-grid is spaced approximately 19 feet apart, two vehicles can park
ferentiating the paving between aisles and stalls, combining im-between each row of the grid. This 9.5 foot stall spacing is slightly
pervious aisles with permeable stalls, more generous than the standard 8.5 to 9 foot stall, and allows

for the added width of the tree trunks and bollards. A benefit of
If the aisles are constructed of a more conventional, imperme-this design is that the parking grove not only shades parked
able material suitable for heavier vehicle use, such as asphalt,
the stalls can be constructed of a permeable pavement. This can
reduce the overall impervious surface coverage of a typical
double-loaded parking lot by 60%, and avoid the need for an
underground drainage system.

Permeable stalls can be constructed of a number of materials,
including crushed aggregate, open-celled unit pavers, porous
asphalt, or pervious concrete (see Permeable Pavements, 6.1). A
hybrid lot of crushed aggregate stalls and conventional asphalt
aisles is a low-cost, practical design that is easily constructed
from standard materials (see photo, previous page). In most cases,
stall markings are not required, as the geometry of the edges
promotes orderly parking. If desired, stalls can be indicated with
wood headers, change in unit paver color, or pavement markers
("botts dots").

Parking Grove.

6.3b Parking Grove. A variation on the permeable stall de- This parking grove at a Seaside, FL. hotel uses bollards and trees at
sign, a grid of trees and bollards can be used to delineate park-approximately 10 ft. on center to create a shady courtyard that accom-

modates parking. The crushed oyster shell pavement is permeable and
ing stalls and create a "parking grove." If the bollard and tree    stable for walking and driving.
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6.3� Overflow parking 6.3d Porous pavement recharge bed

cars, but presents an attractive open space when cars are absent,toes and safety hazards sometimes perceived to be associated
with ephemeral surface drainage. They also can provide for stor-

6.3� Overflow parking. In some locations daily parking needs age of large volumes of runoff, and can be incorporated with
fluctuate, often with peak use occurring only for special eventsroof runoff collection systems. These underground infiltration
or seasons. Typically, parking lots must be constructed to ac-and storage systems are relatively expensive, and required ex-
commodate the peak demand, generating a high proportion oftensive engineering, but have been used in a variety of locations
impervious land coverage of very limited usefulness, in the eastern United States where land values are high and the

need to control runoff is great.45 Similar high land values are
An alternative is to differentiate between regular and peak park-found throughout the Bay Area, and as emphasis on stormwa-
ing demands, and to construct the peak parking stalls ofa dif-ter management increases, the economic viability of these solu-
ferent, more permeable, material. This "overflow parking" areations will increase.
can be made of a turf block, which appears as a green lawn
when not occupied by vehicles, or crushed stone. The same con-
cept can be applied to areas with temporary parking needs, such
as emergency access routes or, in residential applications, RV or
trailer parking (see 6.4f Temporary parking).

6.3d Porous pavement recharge bed. In some cases park-

ing lots can be designed to perform more complex stormwater
management functions. Subsurface stormwater storage and in-
filtration can be achieved by constructing a stone-filled reser-
voir below the pavement surface and directing runoff under-
ground by means of perforated distribution pipes. Subsurface
infiltration basins eliminate the possibilities of mud, mosqui-
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Driveways
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Directly-connected impervious driveway 6.4a Not directly-connected impervious driveway

6.4 Driveways. Driveways can comprise up to 40% of thequired land area. Rear alley access to the garage can reduce drive-
total transportation network in a conventional development,way length, but overall impervious surface coverage may not be
with streets, turn-arounds and sidewalks comprising the remain-reduced if the alleys are paved with impervious materials and
ing 60%. the access streets remain designed to conventional municipal

standards.
Driveway length is generally determined by garage setback re-

quirements, and width is usually mandated by municipal codes6.4a Not directly-connected impervious driveway. A
and ordinances. If garages are set back from the street, long drive-conventional driveway that is a "directly connected impervious

ways are required, unless a rear alley system is included to pro-area" drains directly to the storm drain system - collecting and

vide garage access. If parking for two vehicles side-by-side isconcentrating pollutants. The easiest way to reduce the impact
required, a 20 foot minimum width is required. Thus, if a 20of a conventional impervious driveway on water quality is to

foot setback and a two-car wide driveway are required, a mini-slope it to drain onto an adjacent turf or groundcover area. By

mum of 400 square feet of driveway will result, or 4% of apassing driveway runoff through a permeable landscaped area,
typical 10,000 square foot residential lot. If the house itself ispollutants can be dispersed and cleansed in the soil. A convert-
compact, and the driveway is long, wide, and paved with antional impervious driveway directly connected to the storm drain
impervious material such as asphalt or concrete, it can becomenetwork collects and concentrates pollutants.
the largest component of impervious land coverage on the lot.

6.4b Crushed aggregate driveway. Gravel and other granu-
Municipalities can reduce the area dedicated to driveways bylar materials can make a suitable permeable pavement for drive-
allowing for tandem parking (one car in front of the other),ways especially those that serve single family homes. Because it

Also, if shared driveways are permitted, then two or more ga-is lightly used by very slow moving vehicles, a well-constructed

rages can be accessed by a single driveway, further reducing re-driveway of granular material can serve as a relatively smooth
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crushed unit pavers-on-sand
aggregate

6.4b Crushed aggregate driveway 6.4� Unit pavers on sand

pavement with minimal maintenance. In choosing a granular concrete paving only under wheels

material for a gravel driveway, use crushed stone aggregate. For

proper infiltration and stormwater storage, the aggregate must
be open-graded (see 6.1 Permeable pavements).

6.4, Un|t pavers en ,,,.nil. Unit pavers on sand can make a

permeable, attractive driveway. A pavement of brick-on-sand or
turf-block can make the driveway more integrated with the gar-

den rather than an extension of the street penetrating deep into
the garden space. For parking, a permeable, engineered base

lawn or groundcoverstructural section may be required in addition to the sand set-

ting bed.

6o4d Paving only under wheels
6.4d Paving only under wheels. Concrete paving only un-
der the wheel tracks is a viable, inexpensive design if the drive-

way is straight between the garage and the street. By leaving the

center strip open to be planted with grass, groundcover or filled
with a permeable material such as gravel, a driveway of two

concrete wheel tracks can reduce impervious surface coverage
by 60 to 70% compared with a single lane concrete driveway.
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Driveways (continued)
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6.4e Flared driveways 6.4f Temporary parking

6.4e Flared driveways. Long driveways or driveways that Driveway considerations. Driveways offer a relatively simple op-

serve multi-car garages do not require the full multi-lane widthportunity to improve both the aesthetics and permeability of
along their entire length. The approach to the garage can be aresidential developments.
single lane, adequate to accommodate the relatively infrequent

vehicle trips, while the front of the garage can be flared to pro-By allowing tandem parking, shared driveways, or rear alley ac-

vide access to all garage doors. This strategy can reduce overallcess, municipalities can minimize mandated driveway require-

pavement cost and land coverage while maintaining adequatements.

access for all parking spaces.
For designers and developers, the driveway’s intimate relation-

6,4f Temporary parking. In some areas, parking or access isship with the residence, and its relative freedom from govern-

ment regulation, make it an element that can be designed torequired infrequently. These areas can be paved with a perme-
able turf-block or similar paver, and maintained as a landscaped    increase permeability and market appeal.

surface. For the majority of the time when it is not used for
Some treatments, such as turf-block or gravel, require greater

parking, it appears and functions as a green space. When needed
maintenance than poured-in-place asphalt or concrete designs.

for parking or access, the surface supports vehicle loads. This is
Other materials, such as brick or unit pavers, require a greater

an especially valuable strategy for emergency access routes or

overflow parking,
initial expense. Both the maintenance and cost implications of
these designs can be balanced by the improved aesthetic and

market appeal of driveways made from more attractive, more
permeable pavements.
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Buildings

downspout

underground dry cistern with valve

6.5a Dry-well 6.Sb Cistern

6.S Buildings. By definition, buildings create impervious landstorage matrix can be wrapped in a permeable filter fabric, though
coverage. An important planning consideration is the site cov-the bottom may remain open. A perforated observation pipe
erage and floor area ratio (F.A.R.). Buildings of equal floor areacan be inserted vertically into the dry-well to allow for inspec-
ratio can have widely different impervious coverage. For ex-tion and maintenance.
ample, a two story building with 1,000 square feet of floor area

In practice, dry-wells receiving runoff from single roof down-will create 500 square feet of impervious area, while a one story
building of the same floor area will create twice as much imper-spouts have been successful over long periods because they con-

vious land coverage. Therefore, tall skinny buildings have lesstain very little sediment. They must be sized according to the

impact on stormwater quality than low, spreading ones. amount of rooftop runoff received, but are typically 4 to 5 feet
square, and 2 to 3 feet deep, with a minimum of 1 foot soil

Once the building size and coverage is determined, there are acover over the top (maximum depth of 10 feet).
limited number of techniques for managing runoff from indi-
vidual buildings to collect rooftop runoff and allow it to infil-To protect the foundation, dry-wells must be set away from the

trate into the soil. building at least 10 feet. They must be installed in soils that
accommodate infiltration. In poorly drained soils, dry-wells have

6.5a Dry-well. If a gutter and downspout system is used tovery limited feasibility.
collect rainwater that falls on a roof, runoffbecomes highly con-
centrated. If the downspout is connected to a dry-well, this runoff6.5b Cistern. Another way to store and slowly release roof

can be stored and slowly infiltrated into the soil. runoffinto the soil is to empty the downspout into a cistern. A
cistern is an above ground storage vessel with either a manually

A dry-well is constructed by digging a hole in the ground andoperated valve or a permanently open outlet.
filling it with an open graded aggregate. An underground con-
nection from the downspout conveys water into the dry well,If the cistern has an operable valve, the valve can be closed to

allowing it to be stored in the voids. To minimize sedimenta-store stormwater for irrigation or infiltration between storms.

tion from lateral soil movement, the sides and top of the stoneThis system requires continual monitoring by the resident or
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Buildings, continued
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Foundation planting 6.$d Pop-up drainage emitter

grounds crews, but provides greater flexibility in water storage6.$� Foundation planting. For buildings that do not use a
and metering. If a cistern is provided with an operable valvegutter system, landscape planting around the base of the eaves
and water is stored inside for long periods, the cistern must becan provide increased opportunities for stormwater infiltration
covered to prevent mosquitoes from breeding, and protect the soil from erosion caused by concentrated sheet

flow coming off the roof.
A cistern system with a permanently open outlet can also pro-
vide for metering stormwater runoff. If the cistern outlet is sig-Foundation plantings can reduce the physical impact of water
nificantly smaller than the size of the downspout inlet (say i/4on the soil and provide a subsurface matrix of roots that en-
to 1/2 inch diameter), runoff will build up inside the cisterncourage infiltration. These plantings must be sturdy enough to
during storms, and will empty out slowly after peak intensitiestolerate the heavy runoff sheet flows, and periodic soil satura-
subside. This is a feasible way to mitigate the peak flow increasestion.
caused by rooftop impervious land coverage, especially for the
frequent, small storms. 6.5d Pop-up drainage emitter. Discharging the downspout

to landscaped areas allows for polishing and infiltration of the
Cisterns can be incorporated into the aesthetics of the buildingrunoff. The downspout can be directly connected to a pipe which
and garden. Japanese, Mediterranean and American Southwestdaylights some distance from the building foundation, releas-
architecture provide many examples of attractive cisterns madeing the roofrunoffthrough a pop-up emitter. Similar to a pop-
of a variety of materials, up irrigation head, the emitter only opens when there is flow

from the roof. The emitter remains flush to the ground during
Ifa cistern holds more than 6" depth of water, it must be cov-dry periods, for ease of lawn or landscape maintenance.
ered securely or have a top opening of 4" or less to prevent small
children from gaining access to the standing water. The cistern
must be designed and maintained to minimize clogging by leaves
and other debris.
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6.Se Building materials

6.5e Building materials. Selection of building materials landscape uses. Steel studs and frames are also becoming a cost-

and construction practices has an affect on stormwater quality,effective substitute for wood framing.

Some building materials contribute to stormwater degradation

as they age or combine with rainwater and air. Some construc-Roofing. Materials that can generate polluted runoffunder some

tion practices use materials that pollute runoff. Other materialsconditions include copper sheeting (trace metal), asphalt shingles

and practices are more benign. Examples of considerations in(by-product ofoil refining process), zinc (trace metal; lead used

materials selection and building practices include: in zincing process). Some alternative roofing materials include:

slate, steel, stone, and terra cotta tiles. These materials are du-
Concrete. Check the contents and source of the concrete mix-rable and fireproof. They may also require design attention to

ture for impurities. Avoid form separators such as diesel fuel oraccommodate the added weight load.

petroleum based oil. Vegetable oil can be used as a non-toxic
alternate (though plaster and stucco may not adhere effectivelyPaints and eoatlngs. Lead-based paints have been commonly

to an oiled concrete substrate), used in building. White lead was used on wood siding, door
and window frames, and casings. Red lead was used as a primer

Wood. For landscape materials such as steps and walls, avoidfor steel window frames on commercial and industrial build-

using railroad ties and woods that have been pressure treatedings When renovating old buildings, test for lead in the exist-
with creosote or penta wood preservatives. Many recycled plas-ing paint before proceeding with removal practices such as sand-

tic products are becoming more commonly available and areing or water blasting to avoid paint chips landing on and leach-

often suitable wood substitutes for decking, headers and othering into the soil.
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6.6a Grass/vegetated swales

6.6 Landscape. In the natural landscape, most soils infiltrate designed as retention/detention basins, with proper outlets or

a high percentage of rainwater through a complex web of or-underdrains to an interconnected system.

ganic and biological activities that build soil porosity and per-
meability. Roots reach into the soil and separate particles of clay,Multiple small basins. Biofilters, infiltration, retention/deten-

tion basins are the basic elements of a landscape designed forinsects excavate voids in the soil mass, roots decay leaving net-
works ofmacropores, leaves fall and form a mulch over the soilstormwater management (see Drainage system elements 5.5).

The challenge for designers is to integrate these elements cre-surface, and earthworms burrow and ingest organic detritus to

create richer, more porous soil. These are just a few examples ofatively and attractively in the landscape - either within a con-

the natural processes that occur within the soil.46 ventional landscape aesthetic, or by presenting a different land-

scape image that emphasizes the role of water and drainage.

In development, a certain amount of soil must be covered with
impervious surface, but the remaining landscape can be designedMultiple small basins can provide a great deal of water storage

and maintained to maximize its natural permeability and infil-and infiltration capacity. These small basins can fit into the park-

tration capacity, way planting strip or shoulders of street rights-of-way. If con-
nected by culverts under walks and driveways, they can create a

One simple strategy to improve infiltration is to use the gradingcontinuous linear infiltration system. Infiltration and retention/

of landscape surfaces. Landscape surfaces are conventionallydetention basins can be placed under wood decks, in parking

graded to have a slight convex slope. This causes water to runlot planter islands, and at roof downspouts. Outdoor patios or

off a central high point into a surrounding drainage system,seating areas can be sunken a few steps, paved with a permeable
creating increased runoff. If a landscape surface is graded topavement such as flagstone or gravel, and designed to hold a

have a slightly concave slope, it will hold water. The infiltrationfew inches of water collected from surrounding rooftops or paved

value of concave vegetated surfaces is greater in permeable soils,areas for a few hours after a rain.
Soils ofheaW clay or underlain with hardpan provide less infil-
tration value. In these cases concave vegetated surfaces must be    All of these are examples of small basins that can store water for
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An ordinary lawn. A different landscape image.
This lawn presents a conventional landscape appearance- This infiltration basin uses simple landscape materials to
its role as an effective biofilter capable of holding a few create a landscape of great diversity that accentuates its
inches of water is barely noticable, role in a surface drainage network.

Basins for every landscape type.

a brief period, allowing it to infiltrate into the soil, slowing itsIt is important to consider design elements to improve pond

release into the drainage network, and filtering pollutants, safety. The most important being shallow side slopes of no steeper
than 3:1. This prevents people from accidentally falling into

6.6a Grass/vegetated swales. Parking lot drainage can bedeep water. Barriers such as fencing and/or vegetation are also
integrated with landscaping to provide infiltration and reten-used, but they prevent access for recreational use, and also can
tion/detention basins. Grass swales can be a particularly effec-present a hazardous situation if the side slopes are steep, be-
rive design strategy in large conventionally paved parking lots,cause people drawn to the water can breach or climb the barrier
by providing low maintenance, linear biofihers along the pe-and fall into deep water.
rimeter of the lot or along internal islands. Stormwater is di-
rected to these linear landscaped spaces and travels slowly over6.6� Wet ponds. Wet ponds are permanent pools of water
turfgrass or other vegetated surl~aces, aallowing pollutants to settlethat detain and treat stormwater runoff. These ponds, if de-

and slowing runoff velocities (See chapter 8 for details), signed with a fringe wetland at the pond edge, can increase prop-
erty values by providing a significant landscape amenity with

6.6b Extended detention (dry) ponds. Extended deten- opportunities for passive recreation (e.g., birdwatching, fishing),
tion (dry) ponds can be used for both pollutant removal andand can be combined with pedestrian and bicycle circulation to
flood control. These ponds store water during storms anywhereprovide active recreation. The fringe wetland is also an impor-
from a few hours up to a few days, discharge it to adjacent sur-rant factor in increasing pollutant removal.
face waters, and are dry between storms. Clay or impervious

soils should not affect pollutant removal effectiveness, as the6.6d Plant species selection for infiltration areas. The

main removal mechanism is settling, proper selection of plant materials can improve the infiltration

potential of landscape areas. Deep rooted plants help to build
Extended detention ponds are generally appropriate for devel-soil porosity. Plant leaf-surface area helps to collect rainwater
opments of ten acres or larger, and have the potential for mul-before it lands on the soil, especially in light rains, increasing
tiple uses including flood control basins, parks, playing fields,the overall water-holding potential of the landscape. A single
tennis courts, open space, and overflow parking lots. street tree can have a total leaf surface area of several hundred to
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Landscape, continued
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6.6b Extended detention (dry) ponds 6.6� Wet ponds

several thousand square feet, depending on species and size. This6.6e Landscape maintenance for stormwater systems.
above ground surface area created by trees and other plants greatlyAll landscape treatments require maintenance. Landscapes de-
contributes to the water-holding capacity of the land. signed to perform stormwater management functions are not

necessarily more maintenance intensive than highly manicured
A large number of plant species will survive moist soils or peri-conventional landscapes. A concave lawn requires the same
odic inundation. These plants provide a wide range of choicesmowing, fertilizing and weeding as a convex one, and often less
for planted infiltration/detention basins and drainage swales,irrigation because more rain is filtered into the underlying soil.
Most inundated plants have a higher survival potential on well-Sometimes infiltration basins may require a different kind of
drained alluvial soils than on fine-textured shallow soils or clays,maintenance than conventionally practiced.
Though oaks generally do not tolerate summer moisture, ma-
ture valley and blue oaks (Quercus lobata and Q. douglasi,) inTypical maintenance activities include periodic inspection of
alluvial soils can survive winter inundation for up to 100 dayssurface drainage systems to ensure clear flowlines, repair of eroded
annually.47 surfaces, adjustment or repair of drainage structures, soil culti-

vation or aeration, care of plant materials, replacement of dead
Landscape considerations. Landscape can perform a wide vari- plants, replenishment of mulch cover, irrigation, fertilizing, prun-
ety of stormwater management functions. In designing land-ing and mowing. Also, dead or stressed vegetation may indicate
scapes for stormwater management, appropriate groundcoverchemical dumping. Careful observation should be made of these
must be selected. Turf grass lawns, woody perennials, and cobblesareas to determine if such a problem exists.
can all be used, depending on the desired aesthetic effect.
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6.6d/e Plant selection and landscape maintenance

Landscape maintenance can have a significant impact on soil
permeability and its ability to support plant growth. Most plants
concentrate the majority of their small absorbing roots in the
upper 6 inches of the soil surface if the surface is protected by a
mulch or forest litter. If the soil is exposed or bare, it can be-
come so hot that surface roots will not grow in the upper 8 to
10 inches. The common practice of removing all leaf litter and
detritus with leaf blowers creates a hard crusted soil surface of
low permeability and high heat conduction. Proper mulching
of the soil surface improves water retention and infiltration, while
protecting the surface root zone from temperature extremes.47

In addition to impacting permeability, landscape maintenance
practices can have adverse effects on water quality. Because com-
monly used fertilizers and herbicides are a source of organic
compounds, it is important to keep these practices to a mini-
mum, and prevent overwatering.

When well-maintained and designed, landscaped concave sur-
faces, infiltration basins, swales and bio-retention areas can add
aesthetic value while providing the framework for environmen-
tally sound, comprehensive stormwater management systems.
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6.7 Typical outdoor work area

6.7 Outdoor work areas. The site design and landscape that must be addressed in the planning and design stage. These
details listed in previous chapters are appropriate for uses whereinclude:
low concentrations of pollutants can be mitigated through in- ¯ higher flows (if area is exposed to rainfall) that could exceed
filtration, retention and detention. Often in commercial and the sewer system capacity,
industrial sites, there are outdoor work areas in which a higher¯ catastrophic spills that may cause harm to POTW opera-
concentration of pollutants exists, and thus a higher potential tions, and,
of pollutants infiltrating the soil. These work areas often in- ¯ a general increase in pollutants.
volve automobiles, equipment, machinery, or other commer-

cial and industrial uses, and require special consideration. These concerns can be addressed at policy, management, and
site planning levels.

Outdoor work areas are usually isolated elements in a larger

development. Infiltration and detention strategies are still ap-Policy. Piping runoffand process water from outdoor work ar-

propriate for and can be applied to other areas of the site, sucheas directly to the sanitary sewer for treatment by a downstream

as parking lots, landscape areas, employee use areas, and bicyclePOTW displaces the problem of reducing stormwater poilu-

paths. It is only the outdoor work area within the developmenttion. Municipal stormwater programs and/or private develop-

- such as the loading dock, fueling area, or equipment wash -ers can work with the local POTW to develop solutions that

that requires a different drainage approach. This drainage ap-minimize effects on the treatment facility.

proach is often precisely the opposite from the infiltration/deten-
Management. Commercial and industrial sites that host specialtion strategy- in other words, collect and convey.
activities need to implement a pollution prevention program,

In these outdoor work areas, infiltration is discouraged and run-minimizing hazardous material use and waste. For example, if

offis often routed directly to the sanitary sewer, not the stormrestaurant grease traps are directly connected to the sanitary

drain. Because this runoffis being added to the loads normallysewer, proper management programs can mitigate the amount

received by the water treatment plants (known as "publiclyof grease that escapes from the trap. This grease, if released in

owned treatment works" or POTW), it raises several concernslarge volumes, can clog sewer systems and cause overflows, or
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damage the downstream treatment system.
Outdoor work areas

Outdoor work areas that may require structural treatment Site Planning. Outdoor work areas can be designed in particu-
include: lar ways to reduce their impacts on both stormwater quality

Auto recyclefacillties
and sewage treatment plants (if drainage system is connected):

Outdoor loadlng/unload- ¯ create an impermeable surface. This can be a conventional
Auto wrecking yards ingfacilities pavement, such as concrete or asphalt, or a prefabricated

metal drip pan, depending on the use.
Commercial nurseries Public works storage areas ¯ cover the area with a roof. This prevents rain from falling on

the work area and becoming polluted runoff.
Corporation yards Vehicle service and main- ¯ berm or mounding around the perimeter of the area to pre-

tenance areas vent water from adjacent areas to flow on to the surface of
Fueling stations the work area. In this way, the amount of polluted runoffis

Vehicle and equipment minimized.
Fleet storage areas washing/steam cleaning ¯ directly connect runoff. Unlike other areas, runoff from these

facilities work areas is directly connected to the sanitary sewer or
Rooftop equipment other specialized containment systems. This allows the more

All sites requiring a haz- highly concentrated pollutants from these areas to receive
Marinas ardous materiaI~ manage- special treatment that removes particular constituents. Ap-

mentplan (HMMP) proval for this connection must be obtained from the ap-
Outdoor container storage propriate sanitary sewer agency.

¯locate the work area away from storm drains or catch ha-
Source: Technical Note No. 87. Watershed Protection Techniques. Vol. 2, sins. If the work area is adjacent to or directly upstream
No. 2. February 1997. from a storm drain or landscape drainage feature (e.g.
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Outdoor work areas, continued
vaved su~ace -

roof extends               tmpervious
I roofextends

beyond curb
beyond curb

/ curb to
curbprevent run-off

impervious surface
wench drain run-on drums on pallet

access for trucks prevents run-off/ to prevent rust
run-on trench drain tc

sanitary sewer

6.7a Garbage and recycling area 6.7b Maintenance and storage area

bioswale), debris or liquids from the work area can migrateProtection from rainfall and "run-on" surface drainage can be
into the stormwater system, achieved by designing a roof or covering for the enclosure, and

a curb or berm around the perimeter to contain any leakage
These design elements are general considerations for work ar-from trash containers and dumpsters. The dumpsters or trash
eas. In designing any outdoor work area, evaluate local ordi-containers need to sit on a paved area, not lawn or unpaved soil,
nances affecting the use, as many local jurisdictions have spe-to prevent infiltration of leakage. Plastic liners may also be used
cific requirements, to contain liquid waste. In cases where water cannot be diverted

from the areas (such as areas located within a low spot), a self-Some activities are common to many commercial and indus-
contained drainage system must be designed.

trial sites. These include garbage and recycling, maintenance
and storage, and loading. These activities can have a significant6.7b Maintennnce ond sterage. To reduce the possibility
negative impact on stormwater quality, and require special at-of contact with stormwater runoff, maintenance and storage
tention to the siting and design of the activity area. areas can be sited away from drainage paths and waterways,s°

Implementing a regular maintenance plan for sweeping, litter
6.7a Garbage and recycling. Garbage and recycling ar- control, and spill cleanup, also helps prevent stormwater poilu-
eas must be designed to consider a wide range of factors. Thesetion.
include sizes of receptacles for both trash and a variety of re-
cycled materials. They must be sited so that receptacles are ac-Specifying impermeable surfaces for vehicle and equipment
cessible for collection by standard collection trucks, yet out ofmaintenance areas will reduce the chance of pollutant infiltra-
the way so as not to disturb the aesthetics of the site. Garbagetion. A concrete surface will usually last much longer than an
and recycling areas should also be located away from drainageasphalt one, as vehicle fluids can either dissolve asphalt or can
paths and waterways to prevent debris and spills from enteringbe absorbed by the asphalt and released later.5~
the drainage system.49 Regular maintenance plans should be
implemented for sweeping, litter control, and spill cleanup.
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,~ade break to
prevent run-on

for spills

6.7� Loading area

Vehicle and equipment washing. It is generally advisable to coverwithin a berm, to prevent spills from flowing into the storm
areas used for regular washing of vehicles, trucks, or equipment,drain.
surround them with a perimeter berm, and clearly mark them

as a designated washing area. Sumps or drainlines can be in-If hazardous materials are being used or stored, additional spe-

stalled to collect wash water, which may be treated for reuse orcific local, state or federal requirements may apply.

recycling, or for discharge to the sanitary sewer. The POTW
6.7� Loading. Loading areas and docks can be designed with

may require some form ofpretreatment, such as a trap, for these
a roof or overhang, and a surrounding curb or berm. The area

areas,
should be graded to direct flow toward an inIet with a shutoff

Fueling and maintenance activities must be isolated from thevalve or dead-end sump. The sump must be designed with

vehicle washing facilities. These activities have specific require-enough capacity to hold a spill while the valve is closed. If the

ments (see below), sump has a valve, it must be kept in the closed position and

require an action to open it. All sumps must have a sealed bot-
Storage of bulk materials, fuels, oils, solvents, other chemicals,tom so they cannot infiltrate water. Contaminated accumulated

and process equipment should be accommodated on an imper-waste and liquid must not be discharged to a stormdrain and
vious surface covered with a roof. To reduce the chances ofmay be discharged to the sanitary sewer only with the POTW’s
corrosion, materials should not be stored directly on the ground,permission. If it does not receive approval for discharge to the
but supported by a wire mesh or other flooring above the im-sanitary sewer, it must be conveyed to a hazardous waste (or

pervious pavement. In uncovered areas, drums or other con-other offsite disposal) facility, and may require pretreatment.52

tainers can be stored at a slight angle to prevent ponding of
rainwater from rusting the lids. Liquid containers should be

stored in a designated impervious area that is roofed, fenced
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Outdoor work areas, continued

Some specific uses have unique requirements. Retail gasoline outlets and vehicle fueling areas have specific
Restaurants. Though special regulations and zoning ordinancesdesign guidelines (See case study 7.2g). These are described in
address restaurant pollutants, there are still areas in which poora Best Management Practice Guide for retail gasoline outlets
maintenance practices contribute to stormwater pollution. It isdeveloped by the California Stormwater Quality Task Force, in
preferable that all cooking and cleaning activities occur insidecooperation with major gasoline corporations. The practice
the restaurant. If these activities are performed outside, thereguide addresses standards for existing, new, or substantially re-
are some simple site design elements that can help reduce themodeled facilities.
potential for stormwater pollution (See case study 7.2f).

Fuel dispensing areas are defined as extending 6.5 feet from the
Containment curbs or berms can be designed around areas incorner of each fuel dispenser or the length at which the hose
which floor mat, container washing, exhaust filter and sink clean-and nozzle assemble may be operated plus 1 foot, whichever is
ing may take place. A covered, secondary containment area canless. These areas must be paved with smooth impervious sur-
be designed so that kitchen grease is contained, collected, andface, such as Portland cement concrete, with a 2%-4% slope to
removed regularly by a recycling/disposal service, or disposed ofprevent ponding, and must be covered. The cover must not
through a grease trap with a sanitary sewer connection.53 drain onto the work area. The fuel dispensing area must be

separated by the rest of the site by a grade break that prevents
Fueling areas. In all vehicle and equipment fueling areas, plansrun-on ofstormwater.
must be developed for cleaning near fuel dispensers, emergency
spill cleanup, and routine inspections to prevent leaks and en-    Within the gas station, the outdoor trash receptacle area (gar-
sure properly functioning equipment.~4                          bage and recycling), and the air/water supply area must be paved

and graded to prevent stormwater run-on.
If the fueling activities are minor, fueling can be performed in a
designated, covered and bermed area that will not allow run-on
of stormwater or runoff of spills.SS
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The site planning principles and design concepts described in the Case Studies
Economic benefits of stormwater management

previous pages are integrated on the followingpages in a series of

case studies reflecting the diverse topography and market condi-

tions of the Bay Area. 7.1 Residential development

7.1a Small single lot

The case studies are illustrative. They show an approach to site 7.1b Largesinglelot

planning and design that integrates stormwater management as
7. lc High density multi-family site

an organizing element. Each of the details in Chapter 6 is illus-
7.1d Small hillside site

trated at least once to show how the details work in combination
7.1e Large hillside site

with each other. Real sites, and real projects, will require unique

combinations to suit unique conditions. 7. if Large flat site

Commerclal/industrial/instltutional development

Site planning and design is a complex and demanding process. 7.2a Shopping center

To be successful, a new development must meet marketing, eco- 7.2b Industrial park

nomic, regulatory, engineering, environmental, construction, and 7.2c Strip mall

design criteria. The following case studies attempt to show that
7.2d Schools and parks

by treating stormwater as a resource, and using it as a means to
7.2e Office building

generate design, communities can be built that reward invest-
7.2f Restaurant

ment, enhance the natural environment, and make better places

for people to live and work.
7.2g Gas stations

7.2h Hotel/motel
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Economic benefits of stormwater management

People have a strong emotional attachment to water, arisingMaintenance. Proper maintenace of the drainage system is
from its aesthetic qualities- tranquility, coolness and beauty. Asessential for homebuyer acceptance and marketing. Runoffcon-
a result, most waterbodies within developments can be used astrois that are poorly maintained can be a hazard or a nuisance.
marketing tools to set the tone for entire projects. A recent studyMaintenance costs need not be significantly higher than con-
conducted by the National Association of Home Builders indi-ventionally designed projects. For example, a concave lawn re-
cates that "whether a beach, pond, or stream, the proximity toquires the same maintenance as a convex one, though the con-
water raises the value of a home by up to 28 percent."56 cave lawn can form part of a stormwater management system.

In some designs, such as vegetated swales or seasonal ponds,
In California’s semi-arid climate, most of the techniques de-periodic maintenance will be required, but it is less than other
scribed in this document will not be year-round water features,amenities routinely included in new development, such as foun-
but instead will hold water only during the rainy months. Thesetains or tennis courts.
ephemeral ponds and streams have a unique character, chang-
ing with the seasons and reflecting (literally) daily changes inGreen marketing. Many consumers today demonstrate a pref-
weather, erence for products and services that are "environment friendly."

Organically grown cotton clothing, natural foods, and recycled
Water features command a premium in the marketplace, papers are a few of the products that sell at a premium to con-
Homebuyers and renters nation-wide demonstrate a willing-ventional competitors but command increasing market share.
ness to pay a premium for properties adjacent to urban runoffHomebuyers, too, respond to products that consciously pro-
controls that are designed with aesthetics in mind. Accordingmote more environmentally responsible designs, as long as these
to the US E.P.A., land values for lots fronting runoff controlsdesigns are safe, attractive and functional. By promoting a natural
commanded 5 to 15% premiums over comparable lots at resi-drainage system, developers can meet federal mandates for en-
dential projects in Virginia, Colorado, Illinois and Kansas. Invironmental quality while simultaneously differentiating their
Davis, California, properties at Village Homes, a residential sub-product through increased habitat, a more diverse landscape,
division built in the late 1970s with seasonal swales and otherand additional recreational opportunities.
environmental features, command significantly higher values
than comparable homes in nearby conventionally designed sub-
divisions.

Stormwater management for water quality presents developers
with an opportunity to design more attractive projects that will
have an advantage over conventionally designed competitors.
Not only do subdivisions sell faster and at a premium, but de-
velopment costs are generally lower for surface drainage sys-
tems compared to conventional underground systems.57

Factors that lead to increases in property values. Urban
runoffsystems that appear to be natural systems are most effec-
tive at commanding increases in property values. If recreation is
included (e.g. a walking path along a swale or playfield/infiltra-
tion basin), an additional premium is realized. These recreational
areas and wetlands can become a feature attraction when adver-
tising the property. Amenities such as trails and gazebos may
add costs, but these can be compensated for by faster sales andThis drainage swale, integrated with a pathway system and landscaping,

additional profits. Developers can charge premiums for proper-makes an attractive recreational area that enhances property values.

ties with water views, stream frontage, access to greenbelts, or
other amenities.
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Small single lot

unit pavers-on-sand patio vegetation for water retention

vegetation at dripline

cistern

driveway slopes to lawn area -well connected to downspout

’ pavers-on-sandpathway

7.1 a Small single lot. Even a small, single-family home lot wells are included, residents must also understand that they are
can provide opportunities for stormwater management. Becausefor rainwater only- never as a place to dump oil, pesticides, paint
they occur at the intimate, garden level, these opportunities canthinner, solvents, cleaners such as 409, degreasers, or other un-
add aesthetic richness that will directly benefit residents. Storm-wanted wastes.
water management techniques can also provide habitat for wild-
life, create shade, improve character, provide supplemental irri-The techniques illustrated in this example are:

gation water, and promote growth of landscape planting. - unit pavers-on-sand patio
- not directly connected impervious driveway

Homeowner education is an important element of stormwater - unit pavers-on-sand pathway
management techniques at all levels, but especially at the single - dry-well connected to roof downspout
lot scale. Residents need to be educated on the intent of various - cistern
design elements, and their proper care. They especially need to - vegetation for water retention (deep rooted trees)
understand the maintenance needs of more active elements, such - vegetation at dripline of roof.
as cisterns, which need periodic cleaning or emptying. If dry-
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Large single lot
unit pavers-on-sand patio

existing trees preserved

tutf--block temporary parking

driveway paving only under wheels

dry-well for
roof drainage

concave lawn play area and
infiltration basin

brick-on-sand pathway

wood weir

OV~OW to street

7. ! b Large single lot. A large single-family home lot usuallyrainwater only - never as a place to dump oil, pesticides, paint
provides many opportunities for stormwater management. Be-thinner, solvents, cleaners, degreasers, or other unwanted wastes.
cause the ratio of impervious cover relative to land area is usu-
ally low, adequate landscape area is available to accommodate aThe techniques illustrated in this example are:

variety of subtle infiltration strategies. - unit pavers-on-sand patio
- concave lawn play area and infiltration basin

As will the small single lot, homeowner education is important - not directly connected impervious driveway
so that residents understand the intent of various design ele- -brick-on-sand pathway
ments, and their proper care. They especially need to under- - dry-well connected to roof downspout
stand the maintenance needs of more active elements, such as - cistern
cisterns, which need periodic cleaning or emptying. If dry-wells - vegetation for water retention (deep rooted trees)
are included, residents must also understand that they are for - vegetation at dripline of roof.
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High density multi-family site

units clustered to minimize
driveways and parking

reservoir course base rock provides
basin below parking

vegetation at dripline
unit pavers
walkway

sunken unit pavers-on-sand concave lawn
patio acts as infiltration basin

vegetation selection for
water retention

cistern

dry-we// for unit pavers
roof drainage driveway

7.1 � High density multl-family site. In the Bay Area, many The techniques illustrated in this example are:
of the sites for new construction are infill or redevelopment sites. - unit pavers-on-sand patio
These sites usually have higher densities (typically from 12 to - concave lawn play area and infiltration basin

40 units per acre) which demands a greater proportion of pave- - not directly connected impervious driveway
went and roof coverage. - brick-on-sand pathway

- dry-well connected to roof downspout
Opportunities for on-site stormwater management usually still - cistern
exist, even in the most densely developed inf]ll site, though they - vegetation for water retention (deep rooted trees)
may require greater creativity or multiple use of space. - vegetation at dripline of roof.

Continuous homeowner education is needed to prevent dump-

ing. Hazardous waste disposal must be provided for used oil/

solvents, cleaners, etc.
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Small hillside site

steep slopes avoided

existing trees preserved

permeable wood deck

buiMings aligned
with topography

deep rooted
vegetation for
erosion control

~etention b~in
connected to
downspout

unit pavers-on-sand
riparian vegetation             patio

preserved
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7.1 d Small hillside site. Hillside sites present particular chal-
lenges for stormwater management. Because slopes are often
pronounced, some infiltration strategies that are best suited to
more level sites, such as dry wells or infiltration basins, are im-
practical and can cause landslides or severe damage. Erosion
must be prevented through siting with contours to minimize
grading and careful stabilization of disturbed slopes. Finally,
drainage systems and detention devices must be located so that
water does not compromise the integrity of building founda-
tions and other structures.

Thetechniques illustrated in this example are:
- avoidance of steep slopes
- buildings aligned with topography to minimize grading
-preservation of existing trees
- preservation of riparian vegetation
- deep rooted vegetation for erosion control
- shared driveway
- tuck-under parking
- permeable wood deck for outdoor use area
- unit pavers-on-sand patio
- detention basin connected to roof downspout

(downslope from building)
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Large hillside site

steep slopes avoided
combined parking
and driveway area

narrow rural roads

creek preserved
and restored

swale with
flows to creek

a.ees and indigenous
vegetation preserved

pervious concrete
parking area

buildings clustered and
aligned with topography
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7.1 e Lar~Je hillside site. Larger hillside sites present similar

challenges as smaller sites, but sometimes offer more opportu-
nities for stormwater management. Because slopes are often pro-

nounced, some infiltration strategies that are best suited to more

level sites are impractical and may cause landslides. Erosion must
be prevented through siting with contours to minimize grading

and careful stabilization of disturbed slopes. Finally, drainage
systems, infiltration basins and detention devices must be lo-

cated so that water does not compromise the integrity of build-

ing foundations and other structures.

This example shows a large scale application of the site plan-

ning and design principles discussed earlier. Each cluster of build-
ings could also contain the finer grain elements like those illus-

trated for the small hillside site (7.1 d).

The techniques illustrated in this example are:
- avoidance of steep slopes
- buildings clustered and aligned with topography
-preservation of existing trees and indigenous vegetation
- creek preserved and restored
- narrow rural roads
- combination parking and driveway area
- pervious concrete parking area
- swale with check dams flows to creek
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Large flat site

swale and
greenbelt pathway
between rear yards

gravel rear alley
narrow reduces driveway

swale along "access street " length
parkway collects

street runoff"

culvert under
cross street

riparian trees
and infiltration
basin at end of

swale

creek preserved
and restored

play field and overflow
infiltration basin

parking lot over
infiltration basin

communi~y facili(y
within walking
distance
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7. ! f Laege fiat site. Larger flat sites present some of the greatest
opportunities for stormwater management. If soils have adequate
percolation rates, infiltration swales and basins are easily incor-
porated. In more poorly drained soils, flat sites allow for deten-
tion and retention systems to slow the speed ofrunoffand hold
it for later release. This allows sediments to settle and minimzes
stream bank erosion from high velocity flows.

This example applies the site planning and design principles
discussed earlier at the neighborhood scale. For the purposes of
illustration, two different street access systems are shown: drive-
ways from the street or rear alley access. Each has different plan-
ning implications, but both can be integrated with appropriate
stormwater management.

Each cluster of buildings could also contain the finer grain ele-
ments like those illustrated for the small single lot, large single
lot and infill site.

The techniques illustrated in this example are:
- neo-traditional street design
- gravel rear alley reduces driveway length
- shared driveways to minimze pavement
- community facility within walking distance
- parking lot over infiltration basin
- depressed playtqeld with multiple use as infiltration basin
- swale along parkway collects street runoff
- culvert to carry parkway swale under cross street
- riparian trees and infiltration basin at end of swale
- swale and greenbelt pathway between rear yards
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covered maintenance
yard / storage area

pervious oveFflow
parking stalls

infiltration bed

catch basin with access to public
outfall to swale transportation

7.2a Shopping center. Shopping centers present many op-hazardous materials use within the shopping center, i.e. dry clean-

portunities for stormwater management, especially in the park-ing establishments, requires special attention and treatment.
ing areas. Infiltration swales and extended detention (dry) ba-

sins can be incorporated into space between parking aisles. Rec-If well designed, correctly installed, and properly maintained,

ognizing that much of the parking is only necessary during peakstormwater management techniques can enhance the aesthetic

times, such as the holiday season, a proportion of outlying stallscharacter of a shopping center and improve its marketability.

may be paved with a more permeable pavement such as crushed
aggregate or turfblock.

The techniques illustrated in this example are:
- vegetated/grass swale along perimeter

The utility functions inherent in any shopping center also need - infiltration bed to divide parking aisles

attention, such as restaurant wash-down areas, trash collection - pervious overflow parking stalls

areas, and service yards. These outdoor work areas require spe- - public transportation service

cific techniques to prevent polluted runoff from entering the - covered maintenance yard/service areas

storm drain system or local water bodies. Similarly, potential
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Industrial pa rk

inlet with sump catch basin run-off
(for spills) directed to landscape area

covered storage
vegetated swale

tutflblock /pervious
pavement fire lane

landscape
infilwation area

t curb

ove~ow tO

storm drain

7.2b Industrial park. Industrial parks present special chal- The techniques illustrated in this example are:
lenges when designing for stormwater management. They usu- - vegetated/grass swale along perimeter
ally require large paved areas for truck access and employee park- - catch basin runoff directed to infiltration area
ing, and space is usually limited. They also often have chemical - permeable pavement fire lane
storage and other special activity areas that require that infiltra- - notched curb to direct runofffrom parking area into swale
tion techniques are avoided. - proper loading dock design

- covered maintenance yard/service areas
Still, there are opportunities to incorporate design details to
protect stormwatet quality. These include minimizing impervi-
ous surface area through the use of permeable pavements, infil-
tration areas to collect runoff, and proper treatment of special
activity areas.
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Strip Mall

materials
conventional asphalt aisle

contained/

covered storage area

porous asphalt or
pervious concrete stalls

notched curb,
drains to landscape area

pervious paving
storm drain

concave landscape
infiltration area

7’.2� Strip M,,II. Though strip malls are usually very denselyThe techniques illustrated in this example are:

developed, they present opportunites for stormwater manage- - benign roofings materials

ment techniques. These can be implemented without changing - catch basin runoff directed to infiltration area

the normal aesthetics or function. - permeable pavement parking stalls
- concave landscape areas to infiltrate runoff

Parking areas can be paved in porous asphalt or other perme- - notched curb to direct runofffrom parking area into swale
able pavements. Buildings can be constructed from benign ma- - covered maintenance yard/service areas
terials, and the landscape buffers, usually required by local ju-
risdictions, can be designed as infiltration areas with appropri-

ate overflow into the storm drain system.

Finally, trash and other storage areas can be properly designed

and constructed to prevent pollutants from running off these
areas into the storm drain system.
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Schools andparks

covered maintenance benign roofing
area / cafeteria use materia!

preserve roof drainage to
significant landscape

natural features

hybrid parking lot /
parking grove for d~ily

tutf playfield staff parking

,onovable

bollard
infiltration area

multi-use area p/ayground
play area dopes can double as overflow parking
to tutf playfield for large events

7.2d Schools and parks. Schools and parks present a wide In large subdivisions, land is often reserved for future schools
range of opportunities for stormwater management techniques,and parks. Land can be reserved in the lower portion of the site
Large landscape areas for passive and active recreation can befor these uses and designed to receive stormwater from the en-
designed as extended detention (dry) ponds to infiltrate andtire subdivision watershed. This approach illustrates how storm-
detain runoff, while drying up shortly after rains, water management can influence overall site planning and design.

At schools, staffparking can be located in parking groves, sinceThe techniques illustrated in this example are:
the teaching staffgenerally parks for long periods. Paved areas, - benign roofings materials
such as basketball courts, can be designed as parking or other - catch basin runoff directed to infiltration area
multi-use space for special events, thus reducing the need for - parking grove for staff use
additional impervious land coverage. Buildings can be designed - multi-use paved areas
from benign building materials with appropriately designed - concave landscape areas to infiltrate runoff
outdoor work areas for service, cafeteria, and utility needs. - preservation of significant natural areas

- covered maintenance yard/service areas
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Office building

benign roofing
materials "landscape reserve"

employee amenity area/
future parking area

roof drainage
directed to notches in curb to direct
landscape run-off towards swale

vegetated swale concave landscape area /
w/ check dams 7assy swale

infiltra6on islands

parking stalls
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7.2e Office buildings. Office buildings can integrate storm-
water management techniques in many ways.

Buildings can be designed from benign materials with appro-
priately designed outdoor work areas for service, cafeteria, and
utility needs.

Landscape areas for employee use and perimeter screening can
be designed as extended detention (dry) basins or biofilters
(grassy swales) to infiltrate and detain runoff, while drying up
shortly after rains. These areas can also be designed as foun-
tains or entry statements to add aesthetic enhancement.

Parking can be treated in a variety of ways, with overflow park-
ing accommodated on permeable pavement. Impervious park-
ing stalls can be designed to drain onto landscape infiltration
areas. Alternative transportation can be promoted by providing
bicycle lockers, showers and clothes lockers for bicycle com-
muters, and company sponsored van- and carpool programs.

Finally, many jurisdictions allow a portion of the required park-
ing to be held in "landscape reserve," until a need for the full
parking supply is established. This means that the original con-
struction only builds parking to meet anticipated staff needs. If
the parking demand increases, the area held in landscape re-
serve can be modified to accommodate parking. In this way,
parking is held to a minimum based on actual use, rather than
by a zoning formula that may not apply to the office building’s
actual parking need.

Thetechniques illustrated in this example are:
- benign building materials
- catch basin runoffdirected to infiltration area
- vegetated swale with check dams
- landscaped "parking reserve"
- concave landscape areas to infiltrate runoff
- pervious overflow parking stalls
- roof drainage directed to landscape
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Restaurant

hybrid parking lot

pervious pavement dining
patio (e.g. brick, stone)

covered outdoor work area for
storage, garbage and recycling,

equipment wash activities

-.

~. "~" concave landscape area
drain "~. .". ’

sanitary sewer

vegetation at dripline

7.2f Restaurant. Restaurants offer a strong contrast betweendrain system. Grease, stored items, trash, and other food waste
infiltration opportunities and special activity areas. Careful se-must be kept in properly designed and maintained special ac-
lection of materials such as brick or stone paving for outdoortivity areas. Local ordinances may have design guidelines for
patios can enhance the restaurant’s aesthetic while allowing forallowable square footage of covered and uncovered areas.
infiltration. Landscape plantings can also be selected for storm-
water infiltration¯ The techniques illustrated in this example are:

- permeable pavement patio
Parking can be provided in a variety of ways, with hybrid park- - benign building materials
ing lots for staff, who stay for long shifts, or with landscaped - catch basin runoffdirected to infiltration area
infiltration islands in lots with conventional paving for patrons, - hybrid parking lot
who stay for shorter periods. - vegetation at dripline

- concave landscape areas to infiltrate runoff
In contrast to these infiltration opportunities, restaurants have - covered outdoor work area (trash, food waste, storage,
special activity areas that need to be isolated from the storm equipment wash)
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Gas station
covered refuse / storage area

grade su~ace to
Fueling area cover extends

6. 5 feetJ~ompump. Must not
drain into fueling area.

water lair area:grade to
prevent run-on

landscape
area

grade break to prevent
Fueling run-on)%m rest of site

smooth, impervious su~ace. Grade
2 ~ 4% topreventponding

7.2g Gas station. Gas stations and vehicle fueling areas haveSome of these features are illustrated in the case study above:
specific design guidelines. These are described in a Best Man- - fueling area cover
agement Practice Guide for retail gasoline outlets developed by - flat impervious surface fueling area (2%-4% slope to pre-
the California Stormwater Quality Task Force, in cooperation vent ponding,
with major gasoline corporations. Designing for prevention is - grade break (e.g., curb, berm) that prevents run-on of
the first step. Plans must be developed for cleaning near fuel stormwater
dispensers, emergency spill cleanup, and routine inspections to - separate water ! air area graded to prevent run-on
prevent leaks and ensure properly functioning equipment. ~ - covered refuse / storage area

The practice guide addresses standards for existing, new, or sub-
stantially remodeled facilities, and is available from
www.blymyer.com/swqt f.
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b~nig, roofing
materials                conventional parking

at drop-off/registration area
narrow building

foo~orint                                                        parking grove I

hybrid parking lot

swale / concave
covered garbage / landscape buffer

recycling area

concave landscape area

infiltration island

7.2h Hotel/motel. Hotels and motels present many oppor-The building can be designed from benign materials with a nar-
tunities for stormwater management designs. Because guests parkrow multistory footprint, rather than a sprawling single floor.
for long periods of time, such as overnight, parking areas can beRainwater can be directed in gutters and downspouts into land-
designed as parking groves or hybrid lots. This increases thescape areas.
aesthetic appeal of the hotel, reduces heat island effect, and
minimizes the impact of parking when the hotel is not highlyThe techniques illustrated in this example are:

occupied. However, it is important to retain some conventional - permeable pavement patio

parking for more heavily used drop-offand loading areas. - benign building materials, narrow building footprint
- catch basin runoff directed to infiltration area

Landscape areas for guest use can be designed as infiltration/ -parking grove
detention areas to hold water briefly after rains. Perimeter areas - vegetation at dripline
also can provide opportunities for stormwater management. - concave landscape areas to infiltrate runoff

- covered special activity area (trash, food waste, storage)
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The site design and landscape details illustrated here have two Technical Section

purposes: 8.1 Permeable pavements
¯ to minimize the creation of new runoff, and, 8.2 Streets

8.3 Parking lots
¯ to infiltrate or detain runoffin the landscape. 8.4 Driveways

8.5 Buildings

8.6 Landscape
The techniques presented here illustrate an approach to design

and construction for maximizing infiltration, providing re-

tention, slowing runoff, and minimizing impervious land cov-

erage. They are not all-inclusive, and may not be appropriate

for every site or condition. Each detail is given in a generic or

typical form-particular site and soil conditions must be as-

sessed by a qualified professional to determine which details

are appropriate and what modifications are required for their

proper application.
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Permeable pavements are a method of reducing impervious Permeable Pavements

land coverage while simultaneously providing a stable load- Pervious concrete

bearing surface. While forming a su~ace suitable for walking Porous asphalt

and driving, permeable pavements also contain sufficient void Turf block

space to infiltrate runoff into soil By making pavements per- Brick

meable, impervious surface coverage can be reduced without Natural stone

sacrificing intensity of use. Unit pavers on sand

Crushed aggregate (gravel)

There are three main categories of permeable pavements: Cobbles

poured-in-place, unitpavers-on-sand, and granular materials. A

typical component of these permeable pavements is a reservoir

base course. This base course provides a stable load-bearing sur-

face as well as an underground reservoir for water storage. The

base course must meet two requirements:

¯ it must be open graded, meaning that theparticles are of a

limited size range, with no fines, so that small particles do

not choke the voids between large particles. Open-graded

crushed stone of all sizes has a 38 to 40% void space, allow-

ingfor substantial subsurface water storage,

¯ it must be crushedstone, not rounded rivergravel. Rounded

river gravel will tend to rotate under pressure, causing the

surface structure to deform. The angular sides of the crushed

stone will form an interlocking matrix, keeping the surface

stable.

Permeable pavements must be laid on a relatively flat slope,

generally 5% or flatter. If permeable pavements are laid on

steep slopes, the underlying base course tends to migrate down-

hill, causing the surface to deform.
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Pervious concrete

Pervious concrete

Subgrade, minimal compaction

Conditions, dimensions, and materiah shown are typical, Modifi,~tions may be requirod)~r proper application, consult qualified professionaL

Pervious Concrete is a discontinuous ¯ Not appropriate for gas stations, truckMaintenance
mixture of coarse aggregate, hydraulic stops, areas in which high concentra-̄  Inspect for clogging after installation
cement, and other cementitious materi- tions of hydrocarbons can be leached and annually; remove spot dogs.
als, admixtures, and water, which has a into the soil.
surface-void content of 15-25%, allow- ¯ Some installers recommend quarterly

ing water and air to pass through theDesign vacuum sweeping or high pressure

pavement. ¯ Subgrade and base rock design musthosing.
be determined by a qualified profes- ¯ Maintenance can be high first few

Characteristics sional according to soil conditions and
¯ Rigid, poured-in-place slab. intended use or anticipated loads, years, until site is fully stabilized.

¯ Appearance similar to exposed aggre-̄ Subgrade must be uniform, well-Economics

gate. drained (infiltration rate > 5"/hr). Top̄  Installation costs up to 50% greater

6" of subgrade should be granular/ than conventional concrete.
¯ Curb and gutter system may not be

gravely soil, predominantly sandy, with̄  Costs can be offset by savings in notnecessary to control low flow. low to moderate amount of day or silt. installing curb and gutter drainage sys-
¯ Runoffcoefflcient: verylow to nil (can̄  Base of open graded, crushed (nottern.

infiltrate up to 140 cm/h [56"/h]). rounded) stone, no fines. Must bē  Maintenance cost up to 1-2% of con-
¯ Reduces impervious land coverage, designed to support surface uses, al- struction cost annually.

low water to flow through, and pre-
Applications vent migration of subbase soils. Examples/resources
¯ Flat sites (slope _< 5%) with uniform, ¯ Drain cover at Stanford Shopping

permeable subgrade (or appropriatē Special attention and tools required forCenter, Palo Alto, CA.
depth to construct deep base), installation.

¯ Tree grates in city sidewalks, Los An-
" Low traffic volume bikeways, streets, geles, CA.

travel lanes, parking stalls, residential
driveways, patios. ¯ Florida Concrete and Products Asso-

ciation (407) 423-8279.
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Porous asphalt

Porous asphalt surface course

Filter course

~Oapen graded crushed aggregate
se

Filter fabric (optional)

~ Subgrade, minlmat compaction

Conditions, dimensions, and materiah shown are typical Modifications may be required for proper application, consult qualified pro)~stionaL

Porous Asphalt is an open graded as-¯ Curb and gutter system may not bē May not be appropriate in areas where
phalt concrete over an open graded ag- necessary to control low flow. children are at play (pavement may
gregate base and a draining soil. It is cause abrasion injuries).
composed almost entirely of stone aggre-̄ Runoffcoefficient: very low to nil (can

infiltrate 50-150 cm/h [20-60"/h])    Designgate and an asphalt binder. Porous as-
Asphalt mix void content of 12 - 20%.phalt is widely used as a top lift on statē  Reduces impervious land coverage.

highways to minimize water ponding and Surface composition 4.5 - 6.5% asphalt
hydroplaning. In this case it does notApplications

aggregate, 2.5- 3.0% asphaltic cement.
create a permeable pavement, because thē For use in areas with low traffic use,
porous ("open graded") asphalt is lainsuch as parking lots, travel lanes, park-Base composition 5" to 12" depth open
over a conventional asphalt lift. ing stalls (surface may be too rough graded crushed (not rounded) 1/2 - 1"

for bicycle path), stone, having infiltration rate > 5" per
Characteristics hour.
¯ Flexible, poured-in-place slab. ¯ Flat sites (slope < 5°/0) with uniform,

permeable subgrade (or appropriatē Filter fabric may be required below
¯ Appearance similar to conventional     depth, to construct deep base),           base course.

asphalt, though rougher surface. ¯ Not appropriate for gas stations, truck Subgrade and base rock design must be
¯ Rough, coarse surface improves trac- stops, areas in which hydrocarbons can determined by a qualified professional

tion in wet conditions, but may result be leached into the soil. according to soil conditions and in-
in a rough ride. tended use or anticipated loads.

¯Special tools required for installation.
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Maintenance ¯ Inspect for clogging after installationExamples/resources
¯ Most failures occur when substantial and annually; remove spot clogs. ¯ Asphalt Institute (805) 373-5130.

quantities of sediment erode ontō  Take measures to ensure that futurē Metropolitan Transportation Com-
pavement surface. This can happen if property managers do not use top-coat mission, pavement management div.pavement is located downhill from an

or slurry seal, as this will clog the as-    (510) 464-7700.
erosive and sediment is allowed to

phalt pores.
wash over the surface, or during con- ¯ CalTrans Specifications, Section 39,
struction due to a lackoferosion/sedi-Economics Asphalt Concrete "Open Graded"
ment control measures. Void spaces̄ Up to 50% more than conventional type.
then become clogged, either requiring asphalt pavement.
wet-vacuuming or reducing the per-
meability of the surface. ¯ Costs can be offset by savings in re-

ducing or eliminating curb and gutter
¯ Some installers recommend quarterlydrainage system.

vacuum sweeping and high pressure
hosing, though installations are known ¯ Maintenance cost up to 1-2% of con-
that have had no special maintenance struction cost annually.

and remain permeable for 20 years.
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Tur block

Conditions, dimensions, and material~ shown are ~ypicaL .~,fodif!,afions may be required~r proper application, consult quahfled pro[essionaL

Turf block is an open-celled unit paver ¯ Runoff coefficient: similar to grass,̄  Base course: open-graded and corn-
in which the cells are filled with soil and 0.15-0.60. posed of crushed rock (not rounded).
planted with turf. Sometimes the cells are
filled with crushed rock only. ¯ Permeability is directly related to thē  Subgrademust be designed for antici-

permeability of the subgrade, pated loads.
Characteristics
¯ Units vary in size, weight, surface char-

¯ Reduces impervious land coverage. ¯ Provide underdrain system where there
are no deep permeable soils.acteristics, strength, durability, propor-Applications

tion of open area, interlocking capa-̄  Areas of low flow traffic and infrequent ¯ Irrigation required to maintain turf.
bility, runoffcharacteristics, and cost. parking such as: residential driveways,

Maintenance
¯ Original turf block was made solely of overflow parking areas, the outer 1/3

of commercial and retail developments̄  May need occasional reseeding.
concrete, newer plastic styles are avail-
able. Concrete block is bulkier, with where parking space is used less often̄ Similar to maintenance of regular

and for shorter periods of time, fire/ lawn, requiring mowing, fertilization,smaller openings for soil and infiltra-
tion. The concrete draws the moisture emergency access roads, utility roads, and irrigation.

out of the soil, tending to dry out the street shoulders.
Economics

grass in hot, dry weather. Plastic open-̄  Not suitable for all day parking, heavȳ $4-6 per square foot, installed.
celled pavers eliminate this problem use or areas with turning movements
and have a greater void/soil space, because the grass gets insufficient sunExamples/resources

for optimal growth, or is suppressed̄  Emergency access/fire lane. Guadalupe¯ Requires deep rooted grass species that
by constant abrasion. River Project, San Josd, CA.

can penetrate reservoir base course.
Frequent watering may be required̄  Swalesin urban areas. Turfblockpre-̄  Parking lot with asphalt aisles, turf
because the bulk of root and soil mass vents mowers from getting stuck or block stalls, University of Miami Or-
are located in the top 3"-4". creating grooves in the swale, ange Bowl Stadium, Miami, FL.

¯ Curbs and gutters generally not nec-Design ¯ Shopping mall expansion overflow
essary to control low flow. ¯ Flat sites (slope < 5%) parking, NEMO Project, CT.
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Brick

Brick pav~n~

1/8" joint

Send setting bed

F~lter fobric (optlonoi)

Open gr.od.ed crushed
eggrego~e ~se

Subgrede, minlmel compaction

Conditio~t~, d~mensiom, ar~4 materials ~hou’n are t~picaL Modi)q,~tions may be required for proper application, consult qua, lifted professionaZ

Brick is a solid unit paver available in aApplications Maintenance
variety of colors and sizes, and a tradi-̄  Driveways, walkways, patios, public̄  Longevity ensured by locating in low-
tional building material with a long his- sidewalks, plazas, low volume streets, erosion conditions, quality construc-
tory. Brick are typically lain either with tion, and installation of good base
sand joints on a crushed rock base, or̄ Flat sites (slope < 5%). layer.
with mortared joints on a concrete base.̄ Reduces impervious land coverage.
Ouly sand joints on a crushed rock base ¯ Easy to repair, since units are easily

form a permeable pavement. Design lifted and reset.

¯ Because the bricks are lain loose, thē Periodically add joint material (sand)
Characteristics field must be enclosed by a rigid frame, to replace material that has been¯ Available in a variety of materials and Concrete, mortared brick on a con- moved/worn by traffic or weather.

finishes. Typically, bricks are rectangu- crete grade beam, redwood header, and
lar in shape and made of a fired clay. metal edging are commonly used. ¯ Occasional weed suppression may be
Concrete bricks are also commonly required.
available. ¯ To maximize permeability, use an

open-graded crushed rock base courseEconomics
¯ Runoff coefficient: 0.13 to 0.76, de-(not rounded pea gravels, no fines). ¯ $6-10 per square foot. Generally more

pending on rainfall intensity and joint expensive than concrete or asphalt, less
spacing. Brick pavement is more per-̄ In areas with pedestrian traffic, makeexpensive than brick on concrete.
meable in light rains and with wider joints not larger than I/4".

joints. ¯ Subgrade must be designed for antici-
Examples/~sources

pared loads.
¯ Widely used as patios, plazas, side-

walks, driveways.
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Natural stone

Stone paving
I/8"- 2" joint dependinq
on use

Sond setting bed

Filter fobfic (optional)

Open qrode, d crushed
oggregote oase

Subgrade. minimal compaction

Conditions, dimensions, and materials shown are typical. Modifications may be required ~r proper application, consult qualified professional.

Natural stone paving is made of dis- ¯ Runoffcoefflcient: 0.25 - 0.8 depend-Maintenance
crete units set in a pattern on a prepared ing on joint size. Natural stone pave-̄  Longevity ensured by locating in low-
base. A traditional building material with ment is more permeable in light rains erosion conditions, quality construc-
a long history, natural stone is typicallyand with wider joints, tion, and installation of good base
lain either with sand joints on a crushed

¯ Reduces impervious land coverage, layer.
rock base, or with mortared joints on a ¯ Easy to repair, since units are easilyconcrete base. Only sand joints on aApplications lifted and reset.crushed rock base form a permeablē Driveways, walk’ways, patios, low-use
pavement, parking stalls. ¯ Periodically add joint material (sand)

to replace material that has beenCharacteristics ¯ Flat sites (slope < 5%). moved/worn by traffic or weather.¯ Available in a variety of natural mate-
rials of varying colors, textures, shapes,Design ¯ Occasional weed suppression may be
and finishes. These include flagstone,̄ Because the stone is laid loose, the fieldrequired.
slate, granite, and bluestone. For sand-must be enclosed by a rigid frame.
set permeable pavement, the stoneConcrete, mortared stone on a con-Economics
must be at least 1" thick- thinner crete grade beam, redwood header, and̄ Unit cost varies from $10-25 per
pieces suitable for mortar-setting will metal edging are commonly used. square foot, depending on material

selected.crack if sand-set. ¯ To maximize permeability, use an
¯ Shapes range from random brokenopen-graded crushed rockbase courseExamples/resources

pieces of irregular patterns to cut stone (not rounded pea gravels, no fines). ¯ Parking lot stalls, La Casitas del Ar-
of geometric patterns. ¯ Subgrade must be designed for antici- royo community building, Pasadena,

CA.
¯ Permeability is determined by the size pated loads.

of the joints. Large joints in patio or ¯ Widely used as patios, plazas, side-
light traffic areas can be filled with walks, driveways.
plant material such as moss or turf.

106 Start at the Source

C--096641
C-096641



Unitpavers on sand

Unit paver

Tight sand swept joints

Sand setting bed

Filter fabric

Open gr, aded crushed
agg,rega~e..base,, cl,ean ,~
washed-1 crusnea rOCK--
no fines

SubgrOde, minimal compaction

Conditions, dimensions, and materiak shown are typical Modificatiotu may be required~r proper application, consult qualified professionaL

Unit pavers on sand are discrete units Applications ¯ Easy to repair, since units are easily
that are set in a pattern on a prepared̄ Parking stalls, private driveways, walk- lifted and reset.
base. A variation on traditional brick ways, patios.
technology, unit pavers are typically ¯ Periodically add joint material (sand)

made ofpre-cast concrete in shapes that̄ Can be used for low volume streets, to replace material that has been

form interlocking patterns. Some of these travel lanes, bikeways, moved/worn by traffic or weather.

shapes form patterns that include an̄ Flat sites (slopes < 5%). ¯ Occasional weed suppression may be
open cell to increase permeability, required.

Design
Characteristics ¯ Because the unit pavers are lain loose,Economics
¯ Widely used as patios, plazas, side-the field must be enclosed by a rigid̄  Installation cost $9-15 per square foot

walks, driveways, frame. Concrete bands, metal or plas-̄  More expensive than conventional
¯ Open celled unit pavers are designedtic edgings are commonly used. concrete or asphalt, less expensive than

with precast voids to allow water to¯ To maximize permeability, use anunit pavers on slab.
pass through, open-graded crushed rock base course

¯ Solid unit pavers can form a perme- (not rounded pea gravels, no fines). Examples/resources
¯ Ecostone, SF RIMA are two manufac-

able surface when spaced to expose per-̄  May not be suitable on expansive soils turers of open-celled concrete unit
meable joints and set on a permeablewithout special subgrade preparation, pavers.
base.

Maintenance ¯ St. Andrews Church, Sonoma CA.
¯ Available in a variety of materials, col-¯ Longevity ensured by locating in low- uses uses Ecostone in drop-off area

ors and shapes, erosion conditions, quality construc- near entrance.
¯ Runoff coefficient: 0.1 - 0.35 (more tion, and installation of good basē 3170 Porter Drive, Palo Alto, uses

permeable with open cells or larger layer. Ecostone in parking lot stalls to in-
joints), crease permeability near heritage oak

¯ Reduces impervious land coverage, trees.
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Crushed aggregate

I~igid edge, al! ,sides / surface course crushed
(.concrete, me.~al, / 999 r~gate ~. ~ .o~ pg. ct~ed
stone or wooa)

/
[o/o - o/~- size)

~ ~ a] Base cqu~e, 1-1~2" crashed
~ ~

~     ~ ~ ~ oo ~, aggr~a~e, compacted

Subgrade, minimal compaction

Conditions, dimendom, and materiak shou,n are ~pi,’aL Modifications may be required for proper application, consult qualified profe)sional.

Crushed aggregate is crushed stonē  Areas of low erosion. ¯ Easy to repair, since aggregate is easily
ranging from sand-sized "fines"to 2" regraded and replenished.
diameter stone. ¯ Not appropriate for ADA-compliant

accessible paths of travel. ¯ Occasional weed suppression may be

Characteristics required.
¯ A granular material, crushed aggregateDesign

¯Because the aggregate is laid loose, thē To maximize permeability, minimize
can be laid in any shape field or con-

field must be enclosed by a rigid frame compaction of subgrade.
figuration,

in most applications. Concrete, mor-̄ Periodic and/or replenishing, raking
¯ Runoff coefficient 0.10 - 0.40. Pave-tared brick on a concrete grade beam,of displaced gravel may be required.

ments of fine crushed stone (e.g. de- redwood header, and metal edging are
composed granite fines) is relatively commonly used. Economics
impermeable. Permeability increases ¯ Less expensive than conventional as-
with larger aggregate sizes. Open̄ To maximize permeability, use an

phalt or concrete pavement.
graded mixes are more permeable thanopen-graded crushed rock base course

mixes that include fines. (not rounded pea gravels, no fines). ¯ Least expensive of all pavements, rang-

. In areas with pedestrian traffic, use ing from $1 to $3 per square foot.
¯ Easy to install.

smaller aggregate (3/8" size). Larger ¯ Reduced impervious land coverage re-
- Reduces impervious land coverage, aggregate (3/4" size) makes a betterduces or eliminates need for catch ba-

Applications
driving surface, sins/underground storm drain system.

¯ Low volume, low speed vehicle trafficMaintenance Examples/resources
areas. ¯ Longevity ensured by locating in low-̄  Widely used as patios, plazas, drive-

erosion conditions, quality construc- ways.¯ Parking stalls, private driveways, walk-
tion, and installation of good base

ways, patios, layer.
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Cobbles

R~gld ed(:je 4"-6"� cobble (river rock)

Sond settin9 bed

Subgrode, minimol compoction

Conditions, dimensions, and materials shown are qpi,al Modifications may be required~r proper application, consult qualified proJkssional.

Cobbles are natural stones of various Design Economics
sizes. River rock is rounded, other cobbles̄ Rigid edge such as concrete, brick,̄ Easy to remove/reinstall
can be angular in shape. Cobbles are typi- wood or metal baud is useful to keep
cally set in native soil with soil joints or cobbles in place. ¯ Cost varies widely depending on ma-

on a mortar bed with mortared joints, terial. Washed river rock is less costly

Only soil set cobbles are a permeablē To maximize permeability, use anthan angular granite cobbles.

pavement, open-graded crushed rock base course
(not rounded pea gravels, no fines). Examples/resources

Characteristics ¯ Commonly used around bases of trees
¯ Diameters range from 4" to 8". in lawn areas.¯ Can be laid in a fields of any shape or

configuration, with or without base. ¯ A permeable filter fabric may be pro-̄ Commonly used in parkway planter

¯ Material varies in color, shape, and size.vided under the cobbles to suppress strips and median islands.
weeds and minimize migration of soil.

¯ Runoffcoeff~cient 0.60- 0.90; higher                                        ¯ Commonly used as decorative mulch
for larger sizes. Maintenance in landscaped areas.

¯ Periodic weed suppression may be re-
, Easy to install, quired.

¯ Reduces impervious land coverage. ¯ Resetting or replacement of cobbles

Applications may be required periodically.

¯ Garden areas.

¯ Not suitable for walkway surface.
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More than any other single element, street design has a pow- Streets

e~Cul impact on stormwater quality. Streets and other trans- Access street: urban neo-traditional standard

port-related structures typically can comprise between 60 and Access street: rural standard

70% of the total impervious area, and, unlike rooftops, streets Urban curb/swale system

are almost always directly connected to an underground storm- Rural swale system

water system. Dual drainage system

Concave median

Cul-de-sac
From a technical point of view, streets present many complex

design challenges. First, their design must respond to a variety

of traffic loads, ranging~om the most heavily travelled high-

way to the least travelled access street or lane. Second, street

design is often mandated by a wide array of industry and gov-

ernment standards, many of which may conflict with current

stormwater management practice.

The intent of the technical details that follow is two-fold:

¯ to reduce the impervious su~Cace area by "right-sizing"streets

to fit the transportation demand, and

¯ to disconnect the street as far as possible fkom the under-

ground stormwater system by incorporating infiltration/de-

tention areas and swales into their design.
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Access street: urban neo-traditional standard

Shored central moving sitmce ~ I~rking/.~oRing .sp~e

or ~th s,d~) ~~

~          Curb / gutt~ (opt~nol)

4’-6’ ~ 7’-0" 28’-0" 7’-0" F~ 4’-6’
~’-G5’ r.o.w.

Conditions, dimensions, and materials shown are typical. Modifications may be required 3~r proper application, consult qualified pmfessionaL

Urban neo-tradltional standard ac- ¯ Reduces sediment, oil and grease, by-̄ Streets with special uses, such as bike
cess streets have a typical pavement width drocarbons when combined with routes, may require additional pave-
of 20 to 30’ for vehicular movement andbiofilters and swales, ment width.
parking, as compared to conventional
local streets, that typically require 36 toApplications ¯ Depending on topography, parkway

40’ of pavement. ¯ Appropriate for areas where traffic vol- strip can be designed as a linear swale/

umes are at or below 500-750 ADTbiofiIter, with curb openings directly

Characteristics and speeds between 15 to 25 mph. into swale (see 6.2c Urban curb/swale
¯ Central shared space for traffic in both system).

directions. ¯ Most appropriate for grid street sys-
tems. Maintenance

¯ Sidewalks provided on one or both ¯ Standard street maintenance practices
sides of the street depending on adja-

¯ May not be appropriate for long cul-
required.

de-sac streets or hillside sites with highcent land uses, pedestrian needs.
fire risks (because of the potential of̄  Parkway strip between curb and side-

- Parkway on one or both sides can beshared moving space to be blocked by walk requires mowing, tree care. This
used for planting and surface drain- a single vehicle, with no alternate can be the responsibility of the local

age. emergency route), jurisdiction or the adjacent property
owner, depending on local codes and

¯ Generally utilize curbs and gutters,Design ordinances.
though the gutter may be tied to a bio-̄  Construction detailing same as typi-
filter or swale rather than an under- cal street standard.
ground storm drain.

¯ Coordinate with local and regional
¯ Reduces impervious land coverage byzoning ordinances and public works

up to 50 percent, standards.
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Access street: urban neo-traditional standard,
continued

Shored cen|tol moving spoce

.Po~n~j/~olt~n~j Sl~Ce

Gr~l ~ou~ ~/ ~le ond tr~

Condom, dim~sions, and ~t~ak shown are ~pical. Modificatiom ~y be required~r pmp~ application, ~nsuk q~l~ed pm~ssio~£

Economics Examples/resources
¯ Narrower street section reduces initial̄ Institute of Transportation Engineers

construction costs. (ITE) "Traditional Neighborhood De-
velopment Street Design Guidelines,"

¯ Increased parkway adds additional 1997.
landscape maintenance cost, especially
compared with conventional street sec-̄  Skinny Streets program, Portland, OR.
tion without a parkway strip.

¯ Velarde, Loreto Streets, Mountain
¯ Properties on narrower streets withView, CA.

tree-lined landscaped parkways typi-
¯ Typical of neighborhoods built beforecally command higher values than

WWII.those on wider treeless streets.
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Access street: rural standard

~
TwO narro~ mov~ lane~

Pod~nt on ~r

~al. ~ ~ ~e
15’-0"* , 20’-22’ 15’~’~

~’-~’ r~.w.

Conditions, dimensions, and mate~a~ shown are ~picaL Mod~tio~ may be ~qui~d~r prop~ app/ica~on, consu~ q~l~ed pro~ssio~L

Rural standard access streets have an Applications ¯ Parking can be organized by bollards,
18’-22’ two-lane paved roadway, with nō Appropriate for areas where traffic vol- trees, or allowed to be informal.
curb or gutters. Gravel or crushed aggre- umes are at or below 500-750 ADT

¯ Parking can be allowed only on onegate shoulders act as drainageway andand speeds between 15 to 25 mph. side to preserve a wider moving spaceparking area.
¯ May not be appropriate for long cul- for emergency vehicles.

Characteristics de-sac streets or hillside sites with high
¯ On very low volume, low speed, ac-

¯ Vehicles tend use the center of the nat-fire risks (because of the potential of
cess streets, sidewalks may not be re-

row paved roadway. When two cars are shared moving space to be blocked by quired, as pedestrians walk in the street
present moving in opposite directions, a single vehicle, with no alternate

or on the shoulder.
drivers reduce speeds and move to- emergency route).
wards the right hand shoulder.

¯ Rural standard presents a more infor-
¯ If catch basins are used, provide settle-

ment basin before inlet, or raise inlet¯ Permeability: Road is crowned to the mal aesthetic and is suitable for less above bottom of swale, to prevent sedi-
gravel shoulders on each side. Reduced urban locations.
pavement width allows for shoulder on

ment from filling catch basin.

one or both sides that can be used forDesign Maintenance
planting and surface drainage. ¯ Roadway edge protection can bē Gravel shoulders require periodic re-

achieved by flush concrete bands, steel
¯ Reduces impervious land coverage, edge, or wood headers,

grading and replenishing.

¯ Elimination of curb means that con-- Reduces sediment, oil and grease, by-̄ Depending on topography, gravel
ventional street sweeper machinerydrocarbons when combined with shoulder can be designed as a linear cannot be used.biofilters and swales, swale/biofilter, with water sheet flow-

ing directly into swale.
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Access street: rural standard, continued

Conditions, dimensions, and materiak shown are typical. Modifications may be required3~r proper application, consult qualified pro~ssional.

¯ Landscaped shoulder with surfaceExamples/resources
stormdrain elements requires mainte-̄  Institute of Transportation Engineers
nance. This can be the responsibility (ITE) "Traditional Neighborhood De-
of the local jurisdiction or the adjacent velopment Street Design Guidelines,"
property owner, depending on local 1997.
codes and ordinances.

¯Skinny Streets program, Portland, OR.
Economics
¯ Narrower street section and elimina- ¯ Residential streets, Atherton, CA.

tion of curb and gutter reduces initial̄  Neighborhoods built before WWII.
street construction costs significantly.

¯ Reduced roadway pavement width and
increased infiltration in gravel shoul-
ders reduces or eliminates need for
underground stormdrain system.

¯ Landscaped shoulder with surface
stormdrain elements adds moderate
landscape maintenance cost.

¯ Properties on narrower streets with
tree-lined landscaped parkways typi-
cally command higher values than
those on wider treeless streets.
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Urban curb/swale s stem

Cobbles (bury 1/3 rain.)
Notch in curb

~ Concrete curb

Concrete curb beyond ~

Notched inlet ~ "~-~~
dissipateB°Ulders /energyCObbtes to

Cross slope h
to curb I\ Forebay/settlement bosin

~ ’ ) l~i
InfiltrotJon swale/ biofilter

Section Mortar setting bed (optional)

Conditiom, dimensions, and materials shown are O,pical. Modifications may be required j~r proper application, consult qualified profeuiouaL

Urban curb/swale systems are a hy- Applications Maintenance
brid of standard urban curb and gutter̄ Residential developments, commercial̄ Annual removal of built-up sediment
with a more rural or suburban swale office parks, arterial streets, concave in settlement basin may be required.
drainage system. It provides a rigid pave- median islands.
ment edge for vehicle control, street ¯ Catch basins require periodic cleaning.

sweeping, and pavement protection,̄ Swale system can run either parallel to

while still allowing surface flow in land- roadway or perpendicular to it, de-̄  Inspect system prior to rainy season

scaped areas for stormwater quality pro- pending on topography and adjacentand during or after large storms.

tection, land uses. Economics

Characteristics Design ¯ Cost savings through elimination of

¯ Runoff travels along the gutter, but in-̄  Size curb opening or catch basin for underground storm drain network.

stead of being emptied directly into design storm. ¯ Cobble-lined curb opening may add
marginal cost compared to standardcatch basins and underground pipes,¯ Multiple curb openings closely spaced catch basin.it flows into surface swales, are better than fewer openings widely

¯ Stormwater can be directed into swales spaced because it allows for greater dis-̄  Swale system requires periodic land-
either through conventional catch ba- sipation of flow and pollutants, scape maintenance.
sins with outfall to the swale or notches ¯ Provide energy dissipators at curblxamples/r~seurces
in the curb with flowline leading to notches or catch basin outfall intō  Residential street network, Villagethe swale, swale. Homes subdivision, Davis, CA.

¯ Swales remove dissolved pollutants,¯ Provide settlement basin at bottom of̄ Dual-drainage system, Folsom, CA.suspended solids (including heavyenergydissipator to allow for sedimen-
metals, nutrients), oil and grease by tation before water enters swale.
infiltration.
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Rural swale system

Culvert under intersection

Curb at comers Bollard or bollards and chain
(optional for vehicle control)
Vegetated swale or gravel shoulder

Conditiotu, dimenstons, and materials ,hou,n are ~ypi,~tL Mod(fications may be required /~r proper application, consult qualified professional.

Rural swale systems are a combina- ¯ Provide concrete curb at intersectionMaintenance
tion of street design elements that allow radii to protect roadway edge and land-̄  Surface systems require periodic main-
for surface drainage while simultaneously scape area from turning movements, tenance and inspection.
protecting the roadway edge, organizing

¯ Crown street to direct runoffto shoul-̄  Maintenance for surface systems is dif-parking, and allowing for driveway ac-
cess and pedestrian circulation, ders. If drainage is provided on one ferent than most urban Public Works

side only, then provide cross-slope to- Departments currently practice, and
Characteristics wards swale, employee retraining may be required.
¯ Shoulder can be designed to accom-̄ Protect pavement edge with rigid̄ Surface drainage systems are easier tomodate parking or to serve as a linear header of steel, wood or a concrete monitor and clear than undergroundswale, permitting infiltration of storm- band poured flush with the street sur- systems, because problems, when theywater along its entire length, face. occur, are visible and on the surface.
¯ Runoff from the street is not concen- This eliminates the need for subsur-

trated, but dispersed along its entirē If parking is not desired on the shoul-
der, or if it needs to be organized, in-    face inspection or street excavation.

length, and build-up of pollutants in stall bollards, trees or groundcoversEconomicsthe soil is minimized. along the shoulder to prevent vehiclē Surface swales are less costly to install
Design trespass, than underground pipe systems, but
¯ Concrete curb and gutter not required.̄ Central medians can be used to dividemay have higher on-going mainte-

¯ Ensure that culverts under intersec- traffic for safety or aesthetics, nance costs.

tions drain, to avoid standing water Examples/resources
and resulting septic condition. ¯ City of Folsom, CA.
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Dual drainage system

Hrst catch basin sized for
water quality volume

Conventional curb and gutter

Connect to storm drain

Second catch basin sized for
larger storms
Grassy/vegetated swale
Empties inLo swale

Conditions, dimensmns, and materiah shown are typical Modifications may be required~r proper application, consult qualified proj~ssionaL

Dual drainage systems provide a pair ¯ Not appropriate for industrial areas̄  Design swale to accommodate water
of catch basins at each inlet point- the due to the potential of spills, quality volume.
first is sized to direct the water quality
volume into a landscaped infiltrationDesign ¯ Ifswaleis planted with turf grass, pro-

area, and the second collects the over-̄ Locate two catch basins adjacent to vide supplemental irrigation to main-

flow of larger storms and directs it to the each other, rain turf.

storm drain system. First (uphill) catch basin Design outlet ¯ For additional information on swale

Characteristics pipe to accommodate the water qual- design, seeTechnical Detail 6.6a Grass/
ity volume and direct to adjacent grass vegetated swales.

¯ "Treatment train" approach provides
or vegetated swale. When first catchfor both water quality and flood pro-
basin is full (because inflow exceedsMaintenance

tection,
volume of outlet pipe), water will flow¯ Perform standard maintenance prac-

tices on swale and catch basins.¯ Separation of water quality volume past first basin inlet and enter second
from larger storms provides a bypass catch basin. Economics
that prevents flushing of sediment and

Secand (downhill) catch basin Design to ¯ Dual drainage system is more expen-
pollutants in vegetated swale during

accommodate larger volumes and con- sire to install and maintain than other
larger storms, solutions because of multiple elements.nect outlet to underground storm

¯ Appearance of typical urban street, drain system or to detention pond. Examples/resources

Applications ¯ Culverts must be provided to carrȳ City of Folsom, CA, Highway 50 at

¯ Streets in residential or commercial swale under cross streets and drive- Folsom exit. Contact City Engineer.

developments, arterial streets, ways.

¯ Swale can be located on shoulder or in
concave median.
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Concave median

roadway

Conditions, dimensions, and materials shown are typical Modifications may be required f~r proper application, consult qualified professioua[

Concave medians. Conventional me- Design Maintenance
dians are normally designed as a convex̄ Adjacent roadway design must providē Landscaped concave medians have
surface to shed water onto adjacent pave- cross-slope into medians, maintenance requirements similar to
ment and into a curb and gutter system, landscaped convex medians.
Concave medians reverse this relation-̄ Runofffrom street can be directed into

ship by depressing the median surface swale by sheet flow or curb inlets. ¯ Some maintenance staffretraining may
be required to facilitate maintenanceslightly depressed below the adjacent̄ Concave medians must be sized to ac-of swales or other stormwater deten-pavement section and designing the me-commodate the water quality volume, tion elements.dian to receive runoff, and planting must be designed to with-

Characteristics stand periodic inundation. Economics
¯ Costs are similar to convex landscaped¯ Provides safety and aesthetic functions̄ Catch basin and underground storm

medians.of traditional convex medians while drain system may be required for high
accommodating stormwater infiltra- flows, depending on the available area
tion. for infiltration and retention.

¯ Helps to disconnect impervious street̄ Set catch basin rim elevations just be-
surface from storm drain system by low the pavement elevation, but above
directing street runoffinto landscaped the flow line of the infiltration area so
or aggregate-filled median for infiltra- that the water quality volume will coi-
tion. lect in the swale before overflowing

into the underground system.¯ Can be designed as a landscaped swale
or turf-lined biofilter to treat first-flush
runoff, which carries a high concen-
tration of oils and other pollutants off
the street.
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Cul-de-sac

Radius ,to be .ap, proved
by Ioca~ jurisaicuons

Pervious center:
planting area turf block allows for
fire trucks to drive over

Cul-de-sac: Asymmetrical Cul-de-sac: Symmetrical

Rolled curb (optional)
Cul-de-sac Street ~                                    DI for overflow

Notch in curb
Section

Conditions, dimensions, and materials ~hown are qpical. Modifications may be required3~r proper application, consult qualified professionaL

Cul-de-sac streets are dead-end streets Applications Maintenance
that require turnaround areas largē Appropriate for cul-de-sac streets in̄  Similar to other planted medians.
enough to accommodate large trucks and residential, commercial, and institu-
emergency access vehicles, tional settings. Economics

¯ Cost of extending storm drain the
Characteristics Design length of the cul-de-sac may outweigh
¯ Conventional cul-de-sacs are paved̄ Street termination requires turnaround the savings gained from reduction of

across their entire diameter. This large area large enough to accommodate paved area.
impervious area adds to environmen- large trucks, such as occasional mov-
tal degradation by increasing runoff ing vans and emergency access vehicles ¯ Landscaping in center island may add

costs for irrigation, planting, and pe-and creating a heat island at the front (fire departments often require 60 feet
riodic maintenance.of adjacent land uses.                    or greater diameter turnarounds).

¯ A turnaround with a central concave° Some local fire departments may re-
landscaped space or other pervious quire the center landscaped area to
surface can meet fire department ac- accommodate fire trucks. This can be
cess requirements and create an oppor- achieved by providing a permeable
tunity for stormwater infiltration or load bearing surface such as turf-block,
detention, and eliminating woody plant materi-

als such as trees from the planting area.¯ A landscaped area in the center of a
cul-de-sac can reduce impervious land̄  Asymmetrical cul-de-sac design is
coverage by 30 to 40%, depending on more rural than conventional round
configuration, while maintaining the cul-de-sac design.
required turning radius.

¯Curb with slots may be needed to al-
low run-on from the street while keep-
ing vehicles off landscaping.
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In any development, storage space for stationary automobiles Parking Lots

can consume many acres of land area, often greater than the Hybrid parking lot

area covered by streets or rooftops. Parking grove

Overflow parking

"rhe standard parking stall occupies only 160 square feet, but Porous pavement recharge bed

when combined with aisles, driveways, curbs, overhang space,

and median islands, a parking lot can require up to 400 square

feet per vehicle, or nearly one acre per 1 O0 cars. Since parking

is usually accommodated on an asphalt or concrete surface with

a conventional underground storm drain system, parking lots

~ypically generate a great deal of directly-connected impervi-

ous area. Because the cars sitting in these lots shed hydrocar-

bons, heavy metals and other pollutants, parking lots are a

primary collector and conveyor of urban runoff pollution.

There are many ways to both reduce the impervious land cov-

erage of parking areas and to ~lter runoff’before it reaches the

storm drain system.
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H brid parking lot

/---- Rigid edge around ~ ,,
/ aggregate pevement °[ Typ.-I ]

~ ;~ ~
Stall indicatom (optional)

~ ~

~
~ ( ConventionOlor concrete ~sphalt

C~sh~ aggregate or
{u~ b~ock

~bnditions, dimensions, and mateHa~ shown are ~pical. Mod~cations ~y be ~quired]br pmp~ application, co~ult q~l~ed p@ssional.

Hybrid parking lots differentiate pay- recommended for stalls in areas with pervious concrete.
ing, combining impervious aisles with high turnover, such as restaurants. At-
permeable stalls. Impervious aisles areeas with low turnover, such as hotels,

¯ Slope aisles into adjacent permeable

designed to carry moving vehicle traffic office buildings, and housing can use
stalls.

and accommodate turning movements, crushed aggregate for stalls. ¯ Subdrain or overflow drainage may be
Permeable stalls are designed for station-

¯ Variable permeability, depending on
required depending on design storm

ary or very slow moving cars. There are and underlying soils.
many possible combinations of materi- pavements chosen.

als. ¯ High ground water or lack of deep,̄ Stall markings can be indicated with

Characteristics
permeable soils may limit applications,

wood headers laid in field of perme-
able pavement, change in unit paver

¯ Hybrid lot can reduce the overall ira-Design color, concrete bands or pavement
pervious surface coverage of a typical̄  Keep permeable pavement areas rela-markers ("botts dots"), depending on
double-loaded parking lot by 60%, tively flat (slope <_ 5%). See Section the material used.
and avoid the need for an underground 6.1 Permeable pavements.

¯ Designated handicapped stalls must bedrainage system.
¯ Aisles are constructed of conventional made of an ADA compliant pavement.

¯ Differentiation between aisles and    asphalt or concrete suitable for heavier
Maintenancestalls can mitigate the overall visual    traffic use, speeds between 10 and 20
¯ Periodic weed control, sweeping, andimpact of the parking lot. mph, and designed to support the con-

centrated traffic of all vehicles using regrading required for gravel stalls.
Applications

the lot. ¯ Irrigation, fertilizer, weed control, and
¯ Commercial areas, offices, multi-fam-

ily housing, hotels, restaurants. ¯ Stalls are constructed of a permeable
mowing required for turf block stalls.

pavement, such as open-graded̄ Pressure hosing or vacuum sweeping
¯ Selection of permeable pavement ma-crushed aggregate, open-celled unit may be required for pervious concreteterial depends on use. Porous asphalt,

pavers, turfblock, porous asphalt, or or porous asphalt stalls.
pervious concrete or unit pavers are
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Hybridparking lot, continued

|�onomics
¯ Reduction of overall impervious sur-

face coverage may eliminate or reduce
need for underground drainage sys-
tem.

¯ Construction cost will depend on ma-
terials chosen. A hybrid lot of conven-
tional asphalt aisles with crushed ag-
gregate stalls will be lower cost than a
lot entirely paved in asphalt. A hybrid
lot of conventional asphalt aisles with
unit pavers stalls will be higher cost
than a lot entirely paved in asphalt.

Examples/resources
¯ Parking lot. Medford Village, NJ.
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Parking grove

19’-20’

’". o: " ~ ~ :"! ’’:i :" ii "% ;"> Bollards_/trees at

~ : i.":i " ., } 19-20 feet apart

Crushed aggregate
’: : , .: . .. ,., ,:,:.:.,.’ -.,....,..,...,,..-.,,,..,~..;.:,~(....

~T ~    ( Concrete asphalt or concrete

Crushed aggregate

Rigid edge around.
aggregate pavement

Conditions, dimensions, and materials ~hou,n are typical Modifications may be required for proper application, consult qualified professionaL

Parking groves, a variation on the hy- ¯ Not recommended for high turnover̄  Metal tree cages are not recommended
brid parking lot design (See 6.3a), use alots, such as restaurants and commer-because they are easily damaged and
grid of trees and bollards to delineate cial areas because of additional care can scratch cars.
parking stalls and create a shady environ- needed to navigate around trees.
ment. The permeable stalls reduce im- ¯ Trees should be selected for high, hori-

pervious land coverage while the treesDesign zontal branching structure, andshould

reduce heat island effect and improve soil̄  Parking stalls must be oversized to ac-not be prone to limb breakage (such

permeability, commodate thickness of bollards and as Eucalyptus spp. and Grevillea to-
trees. A grid of trees/bollards spaced busta), or insects that secrete honey-

Characteristics approximately 19 feet apart allows two dew (such as Celtis).
¯ Parking grove not only shades parkedvehicles to park between each row of̄ Provide irrigation to trees as required.

cars, but presents an attractive open the grid (9.5 foot space per stall, com-
space when cars are absent, pared to the standard 8.5 to 9 footMaintenance

space per stall). Agrid of 28 to 30 feet̄  Requires tree pruning and mainte-¯ Permeability depends on the type ofallows for three cars between each pair nance to ensure clearance of vehicles.pavement used. of trees. ¯ Trees may occasionally be hit by cars,¯ Reduces impervious land coverage. ¯ Set trees/bollards at least three feet in but will heal themselves under normal
Applications from end of stall to allow for turning circumstances.
¯ Best in locations where the users of the movements into and out of stall.

Economicsparking lot are a consistent group of̄ Trees should be protected during thē More expensive to construct and main-people (such as multi-family housing establishment period with double stak- rain than standard parking lots.or an office building) who become fa- ing of 3" diameter wood stakes. Align
miliar with parking between the trees, stakes along implied stall line. Examples/resources

¯ Seaside Motel Auto Court, Seaside,¯ Best in situations where vehicles park̄ Bollards may be omitted if proper tree FL.for long periods of time, such as ho- staking is provided during establish-
tels, housing, offices. ment period.
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Overflow parking

Conventional asphalt or
concrete

Pervious paveme.nk (e.g.
crushed aggregate)

Conditions, dimensions, and material~ shown are typical, Modifications may be required fbr proper application, consult qualified proj~ssional‘

Overflow parking design differentiates ¯ Visitor parking areas in multifamilyEconomics
between regular and peak parking de- residential developments or officē  Cost depends on pavement selected
mands, constructing the regular demand complexes, and overall design.
parking stalls with traditional impervi-

¯ Facilities with infrequent but extensiveExomples/~sourcosous materials and constructing peak
parking stalls of a different, more per- peak parking needs, such as churches,̄ Gravel overflow parking at Nordstrom
meable, material, sports arenas, and conference centers, parking lot. Corte Madera, CA.

Cha~c~ristics Design                                ¯ Orange Bowl parking lot, FL.
¯ Must be designed to accommodate¯ Overflow area can be pervious materi-

volume of overflow parking.als such as turf block, crushed stone,
unit pavers on sand, and can be de-̄ In many uses, regular parking demand
signed to break up an expanse of con- accounts for approximately two-thirds
tinuous parking lot. of total, with one-third accommodated

as overflow.¯ Permeability depends on pavement
used. ¯ Irrigation may be necessary if overflow

Applications parking is turf block.

¯ Large parking lots with variable capac-Mnintenonco
ity needs such as shopping malls, con-̄ Maintenance depends on pavement
ference centers, office complexes, selected.
amusement parks, sport facilities.

124 Start at I~e Source

C--096659
C-096659



Porous pavement recharge bed

Curbing
FConcrete or stone band-]

Curbing ~

Parking bay !,~ I~ Access aisle Parldng boy
Porous asphalt paving q q Impervious Porous asphalt paving’

/ 1 asphalt paving

Filter fabric Recharge bed

Uncompacted subgrade

Condition,, dimensions, attd materiah sho:t,n are ~picaL Modifications may be requiredJbr proper application, consult qualified professionaL
Detail ad~pted ~rom Andropogon Associates.

Porous pavement recharge beds un- Design ¯ Direct all sediment-laden runofffrom
derneath parking lots are gravel beds that̄ 2-1/2" porous asphalt paving on cleanimpervious surfaces (e.g., roof tops,
receive and store infiltration, gravel topcourse, roads, parking areas, walkways, etc)

away from porous pavement/recharge
Characteristics ¯ Recharge and storage basin of clean bed or pretreat to eliminate sedimen-
¯ Underground system eliminates theopen-graded crushed stone with 40% tation.

possibilities of mud, mosquitoes andvoid space.
safety hazards sometimes associated ¯ Prevent failures by implementing strict
with ephemeral surface drainage. ¯ Filter fabric placed on floor and sides erosion/sediment control during con-

of recharge bed follmving excavation struction (sediment that erodes or is¯ Provides for storage of large volumes allows water to pass readily, but pre- tracked on to the surface can clog void
of runoff, which is directed under- vents soil fines from migrating up into spaces in pavement and prevent storm-
ground by means of perforated distri- rock basin, reducing effective storage water from entering the recharge bed
bution pipes, area of recharge bed. below).

¯ Constraints include soil infiltration̄  Design an unpaved edge of porousMaintenance
rates, depth to water table and bed- pavement, and top offwith stone (such̄  Vacuum sweeping or pressure hosing
rock, and traffic type and volume, as river stone), place wheelstops at recommended twice per year under

edge. This functions as an emergency normal circumstances.Applications overflow inlet around perimeter of
¯ Underneath parking lots generally in parking bay. Economics

areas where land values are high and ¯ Expensive, requires extensive engineer-
the need to control runoff is great. ¯ Limit porous surfaces to parking areas

receiving least wear and tear. ing.

Examples/resources¯ Soil layer of 4 feet or more with per-
colation rate of 0.5 inches per hour or̄  Morris Arboretum, Philadelphia, PA.

more required; must be field tested. ¯ Automatic Data Processing corporate
offices, Philadelphia, PA.
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Driveways can comprise up to 40% of the total transportation Driveways

network in a conventional residential development, with streets, Not directly-connected impervious driveway

turn-amunds and sidewalks comprising the remaining 60%. Gravel driveway

Unit pavers on sand

There are several ways to reduce the impact of driveways on Paving only under wheels

water quali~y. These include directing runofffkom an imper- Flared driveways

vious driveway to a landscaped infiltration area, constructing Temporary parking

the driveway J~om a permeable pavement, and reducing the

overall amount of pavement provided.
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Not-directly connected impervious driveway

Street

Conditions, dimensions, and materials shown are typical, Modifications may be required fer proper application, consult qualified professional.

Not directly.connected impervious ¯ Edge of driveway must be approxi-
drivew~/slopes the surface to drain into mately 3 inches above the vegetated
an adjacent turf or groundcover area, area, so that vegetation or turfdoesfft
rather sloping towards the curb and gut- block sheet flow from driveway onto
ter in the street as commonly done. soil.

Characteristics Maintenance

driveway, to allow unimpeded flow of runoff

¯ Pollutants are dispersed and cleansedfrom driveway onto lawn.

in the soil as driveway runoff passes|conomics
through a permeable landscaped area.̄ Cost is same as conventional driveway.

Applications
¯ Suitable for all driveways with suffi-

cient adjacent landscape areas.

Design
¯ Cross slope must be greater than lon-

gitudinal slope to direct runoff into
adjacent landscape

¯ Adjacent landscaped area must be sized
to accommodate the water quality vol-
umeo
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Crushed aggregate drivewa 

CrushedRigid edgeaggregate p~vement

Concrete band or wood timber

Asphalt or concr~e apron for
turning movement

Street

Conditions. dimension~, and materials shown are ~.picaL Modifications tn~ be required~r proper application, consult quali~ed professionaL

Crushed aggregate driveway.Design ¯ Open-celled plastic matrix can be used
Crushed stone and other granular mate-̄ Rigid edge such as wood header, con-to provide added stability of crushed
rials can make a relatively smooth per-crete, metal, or brick band desirable aggregate.
meable pavement suitable for the low to contain aggregate material and to
speeds and volumes of typical residen- maintain surface strength.

Maintenance
¯Weed control may be needed periodi-tial driveways.

¯ Provide a non-granular apron at inter- cally.
Characteristics section of driveway with street to ac-̄

Periodic replenishment of aggregate¯ Aesthetic can be formal or rural de-commodate turning movements.
pending on design and materials.

¯ Provide a concrete band or wood tim-
may be required.

¯ Crushed aggregate driveways have aber at transition between apron andEconomics

distinctive "crunchy" sound reminis- crushed aggregate driveway to absorb̄  Least cost of all pavement materials.

cent of traditional country estates and impact of repeated wheel crossings. ¯ $1 to $3 per square foot, depending
homes.

¯ Use open-graded crushed aggregateon design.

Applications (such as 3/8" to 3/4" granite) ratherExamples/resources
¯ For driveways that are lightly used by than rounded stones such as peagravel.̄  Open-celled matrixes are available

very slow moving vehicles, and those Angles of the crushed stone form a from Gravelpave, GeoWeb by Presto.
that serve single family homes, matrix that holds the granular mate-

rial in place, able to bear the load traf-
¯ Not suitable for multi-use driveways fic without substantial displacement.

such as those that accommodate
children’s play. ¯ Minimize compaction of finished

grade and subgrade. Roll surface of
¯ Flat sites (slope < 5%). aggregate sufficiently to stabilize the

stone.
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Unitpavers on sand drivewa 

Unit pavers on sand

~ Concrete bond

Asphalt or concrete apron to
accommodate turning movement

Conditions, dimensions, and materials shown are ~tpicaL Modificatiotu may be required )~r proper application, consult qualified proj~ssionaL

Unit pavers on sand are discrete units Design Economics
that are set in a pattern on a prepared̄ Because the unit pavers are lain loose,¯ Installation cost $9-15 per square foot
base and bound by a rigid edge to form the field must be enclosed by a rigid
a pavement suitable for a driveway, frame. Concrete bands, metal or plas-̄  More expensive than conventional

Characteristics tic edging are commonly used. concrete or asphalt, less expensive than
unit pavers on slab.

¯ Apavementofbrickor unit paverson̄  To maximize permeability, use an̄ Increased construction and mainte-sand can make the driveway more in- open-graded crushed rock base course nance costs can be offset by improvedtegrated with the garden rather than (not rounded pea gravels, no fines).
an extension of the street penetrating aesthetic and market appeal compared

deep into the garden space. ¯ May not be suitable on expansive soilsto conventional asphalt or concrete
without special subgrade preparation, driveways.

¯ Available in a variety of natural and
synthetic materials, such as brick, natu-Mainl~nanco

ral stone, cast concrete. ¯ Longevity ensured by locating in low-
erosion conditions, quality construc-

¯ Runoffcoefficientofopen celled units: tion, and installation of good base
0.10-0.35 (more permeable if larger layer.
voids, solid units: 0.10-0.20. Infiltra-
tion rates are higher during lighter,̄  Easy to repair, since units are easily

lower intensity rains, lifted and reset.

Applications ¯ Periodically add joint material (sand)

¯ Residential driveways, to replace material that has been
moved/worn by traffic or weather.

¯ Accent to traditional asphalt in low
volume commercial driveway.         ¯ Occasional weed suppression may be

required.
¯ Flat sites (slope < 5%).
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Paving only under wheels

Concrete or stone wheel tracks
5’-6" to 6’-0’ typ.

A/C or concrete apron to
accommodate truing movements

Street

t,24,_30.typ. ~, /
Subdrain. 4" rain.

~ ’1 ~ Concrete, stone or brick
=’~ " ¯ " O ~    . ~,.~ ¯ wheel ~ock

Section

Paving only under wheels. Paving Design Maintenance
only under the wheel tracks, with the areā  Wheel tracks should be wide enough ¯ Area between wheel tracks requires
between landscaped reduces impervious to accommodate variability in driving maintenance.
land coverage, also called a "Hollywood and vehicle widths.

.... If area between tracks is planted withdr,veway.
¯ Wheel tracks must be designed to sup-lawn, additional edgingwill be needed.

Characteristics port vehicle loads, usually concrete or
Economics¯ Center strip planted with grass, mortar-set unit pavers such as stone or

groundcovers, or filled with gravel, brick. ¯ Reduced pavement area reduces con-
struction costs.

¯ A driveway of two paved wheel tracks° A perforated drain line buried between
can reduce impervious surface cover- wheel tracks to collect and direct run-¯ Complex detailing, inclusion of land-

age by 60 to 70% compared with a offmay be added in soils with low in- scape planting and irrigation can add
single lane paved driveway, filtration rates, significant costs.

~plications ¯ If ground cover or grass is selected for
¯ Residential, low density single family,center strip, irrigation system must be

duplex, mobile home. provided, and parked vehicles must be
moved periodically so that a single lo-¯ Best in straight driveways, not recom- cation is not continuously shaded.

mended for curving driveways.
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Fla red driveways

Conventional asp.halt or
concrete access/loading area

~ L~wn ~

Conditions, dimeruions, and materials shown are typical Modifications may be requiredJ~r proper application, comult qualified prof~ssional.

Flared driveways use a single lane to Design
provide access to multiple-car garages bȳ Typical driveway design, single lane
flaring the area in front of the garage, width at street, and flare to serve ga-

Characteristics rages that are shared.

¯ The approach to the garage from thē  Provide adequate depth in front of
street is a single lane, adequate to ac- multi-car garage for vehicle parking
commodate the relatively infrequent and maneuvering.
vehicle trips, while the portion of the

Maintenancedriveway at the garage is widened to
provide access to all garage doors. ¯ Same as standard driveway.

¯ Reduces impervious surface area com-=canemics

pared to multi-lane driveway extend-° Reduces overall pavement cost.
ing entire length from garage to street.

Applications

¯ Appropriate for multi-car garages or
single family homes with adjacent ga-
rages that do not require the full multi-
lane width along their entire length.
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Temgorary garking

Conventional osphalt o~
cow,crete d~ve~oy

Asphalt o~ co=~crete apron to
accommodate turnin~ movement

Street

Lawn %

Conditions, dimensions, and material~ ~hown are typi,~d. Modi~cations ,nay be requiredJbr proper application, consult qualified professional.

Temporary pnrking is paved with a per- Design
meable surface, such as turf-block or̄  Must be designed to support vehicle
open-celled unit paver, and maintainedloads.
as a landscaped surface.

Maintenance
Characteristics ¯ Turf-block requires similar mainte-
¯ Appears and functions as green spacenance as conventional lawn.

or patio for the majority of the time
when not used for parking. ¯ Brick or unit pavers require periodic

weed supression.
¯ Runoffcoefflcient depends on the type

of pavement used. Economics
¯ Higher initial cost than asphalt or con-

- Reduces impervious surface area. crete parking areas.

Applications ¯ Increased construction and mainte-
¯ Residential driveway applications, suchnance costs can be offset by improved

as RV or trailer parking, aesthetic and market appeal compared
to conventional asphalt or parking ar-¯ Areas where parking or loading access

is required infrequently, eas.

¯ Guest parking areas.
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By definition, buildings create impervious land coverage. There Buildings

are, however, techniques to treat runoff jgom individual build- Dry-well

ings and to collect rooftop runoff for infiltration into the soil. Cistern

Foundation planting

Roof runoff is typically either channeled in gutters and down- Pop-up drainage emitters

spouts or allowed to sheeqTow off the roof. Downspouts focus

runoff, concentrating the entire watershed of the roof into one

or a few points. This concentrated flow can be stored and

slowly infiltrated into the soil in a controlled manner through

dry-wells, cisterns, or by directing ftow into landscape infil-

tration/detention areas.

Sheet runoff jgom roofi can be directed and infiltrated onto

adjacent landscape areas through grading, mulching, and plant

selection.
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Dry-well

Conditions, dimensions, and materials d~own are typical. Modifications may be required for proper application, consulr qualified professionaL

Dry-well. A dry-well is a subsurface ba- overall depth, as well as setbacks from tic, or metal) or large diameter pipe
sin to which runoff is diverted for infil- structures, property lines, water sup- with open bottom set on end can be
tration. The roof downspout is con- ply wells, groundwater level, septic used to contain drain rock.
nected to the dry-well, allowing runoff drainfields, and sensitive areas. ¯ Roof downspouts are attached to theto be stored and slowly infiltrated. ¯ Dimension calculations assume: dry well, an overflow pipe is provided

for runoff in excess of water qualityCharacteristics 1) Total volume runoff generated by volume.¯ Compact. roof in a design storm (e.g. 10 year,
¯ Hidden from view, has no effect on 24-hour, etc.) must be stored or infil-̄  Provide perforated observation pipe

aesthetics, trated by the system during the storm. (such as a 6" diameter PVC) to allow
for inspection and maintenance.

Applications 2) Infiltration system empty at begin-
. Not appropriate for slopes >40% or ning of storm and full at end. ¯ Provide pre-treatment sedimentation

basin for composite roofs. This can beareas with expansive soils. 3) Rainfall and infiltration rates con- a small plastic valve box with open
¯ Many agencies have policies regarding stant for duration of storm, including bottom.

dry wells because of concerns that in- a safety factor.
clude migration of pollutants intō  Subgrade must be relatively permeableMaintenance
groundwater, or dumping of pollutants (not appropriate for clay). ¯ Requires inspection at beginning of
into drywell. Most jurisdictions per- rainy season.
mit drywells that are connected di-̄  Requires excavation filled with drain̄

Remove sediment from sedimentationrectly to roof downspouts and are less     rock and wrapped top, sides and bot-basin prior to rainy season.
than ten feet deep. Check local regu- tom with filter fabric. Excavation is
lations, sized to accommodate water qualityEconomics

volume storm, accounting for 38-40%̄  Relatively inexpensive to construct and
Design void space of gravel fill. maintain.
¯ Confirm requirements with local mu-

nicipal ordinances. These may include ¯ A buried catch basin (concrete, plas-
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Cistern

Conditions, dintensions, and materials shown are typical. Modifications may be required fbr proper application, consult qualified professionaL

Cistern. A cistern is an above ground Design ¯ Provide secure cover or < 4" top open-
storage vessel that is directly connected̄ Manually operated valve can be closed ing if holding more than 6" depth of
with the roof downspout. Water is slowly to store stormwater for irrigation use water, to prevent small children from
released with either a manually operated or infiltration between storms, gaining access to the standing water.
valve or a permanently open outlet. ¯ Cistern must be covered to prevent̄  Provide screen on gutter and intake of
Characteristics mosquitoes from breeding, outlet pipe to minimize clogging by
¯ Cisterns can be incorporated into the leaves and other debris.

aesthetics of the building and garden.̄  Permanendy open outlet must be sized

Japanese, Mediterranean and Ameri- appropriately. If it is significantlyMaintenance

can southwest architecture provide smaller than the size ofthe downspout̄  System requires regular monitoring

many examples of attractive cisterns inlet (approx. 1/4 to 1/2 inch diam- and cleaning.

made of a variety of materials, eter), runoff will build up inside thē  Maintenance required to ensure thatcistern during storms, and will empty system is not clogged by leaves or other¯ Reduces peak runoff and allows sedi- out slowly after peak intensities sub- debris.ment to settle, side, mitigating the peak flow runoff
from impervious rooftops, especially Economics¯ Provides more infiltration benefits
for the frequent, small storms.         ¯ Low installation cost.than connecting directly to storm

drain. ¯ Size cistern for water quality volume,

Applications provide overflow for larger storms.

¯ Residential, commercial, office build-
ings.
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Foundation planting

Conditions, dimensions, and material~ shown are typical. Modifications may be required fbr proper application, consult qualt)~ed pro~ssiona£

Foundation planting. Landscape plant- ¯ Select plants with leaf architecture that
ing around the base of the eaves can re- intercepts rainwater and traps it for
duce the physical impact of water on the eventual evaporation.
soil and provide a subsurface matrix of̄

Select plants sturdy enough to toler-roots that encourage infiltration.
ate the heavy runoff sheet flows, and

Characteristics periodic soil saturation.
¯ Foundation planting serves function of¯Provide mulch cover in planting bedto provides increased opportunities for to protect soil from impact of fallingstormwater infiltration. rainwater and to increase soil water-
. Planting protects the soil from erosion holding potential.

caused by concentrated sheet flow
¯ Protect perimeter of foundation as re-coming off the roof, reducing the quired by local soil conditions.amount of sediment in urban runoff.
Maintenance

Applications
¯ Regular garden maintenance.¯ For buildings that do not use a gutter

system.

Design
¯ Locate plants at the roof drip-line.

¯Select plants with high capacity for
vertical water storage.

136 ~ at lhe Source

C--096671
(3-096671



Pop-u? drainage emitter

Conditions, dimendom, and materials shown are ~ypical. Modifications may be requiredJbr proper application, comult qualified professional.

Pop-up drainage emitters allow wa- ¯ Can use for water captured by stan-Maintenance
ter collected by downspouts and roof dard gutter and downspout system,̄ Standard maintenance practices can be
gutter systems to flow through a drain- grates, catch basins, grates and drains,used.
age pipe away from structural founda-
tions, and "pop-up" to disperse in lawn̄ Can use to divert water away from ero-̄  Emitter is only open when water is

or landscaped areas, sion-prone or poor drainage areas, flowing through the drain pipe, mini-
. May be more effective in certain soil     mizing the risk of debris and rodents

Characteristics
types, entering the pipes.

¯ Emitter is opened by the hydrostatic
pressure flowing through the drainDesign Economics

pipe. As flow diminishes, the emitter̄  Size emitter(s)accordingtodownspout̄ Emitter unit cost $12-20 each plus

closes again, and watershed (roof area) size. pipe.

¯ Blends into the surrounding landscape;¯ Design pipe riser to height required toExamples/resources

appearance similar to standard pop-up create head sufficient enough to lift̄  City of Milpitas has info. on the sq. ft.
sprinkler, pop-up, of landscape required per sq. ft. roof.

¯ Sheet flow of runoff allows for infil- ¯ Design outfall to sheetflow onto veg-
tration, etated area (such as lawn or

groundcover) or suitable landscaped orApplications                           paved infiltration and drainage system.
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Landscape solutions for stormwater quali~y combining site en- Landscape

gineering - grading and drainage - with landscape architec- Grass/vegetated swales

ture. Thispresentsanopportunityforcivilengineersandland- Extended detention (dry) ponds

scape architects to cooperate on the designs for integration of Wet ponds

function and aesthetics. Plant species selection for infiltration areas

One concern among developers and property owners is that

landscape stormwater infiltration and detention areas will

become subject to government regulation as wetlands ajqer they

are established.

According to the California Regional Water Quality Control

Board, these landscape areas are not classified as jurisdic-

tional wetlands subject to mitigation if their land use is later

changed, as long as:

t̄he design elements (e.g., swales, ponds) are clearly identi-

fied on plans and documentation as stormwater treatment

areas (BMPs),

t̄he design elements are not usedas mitigation for impacts

to other wetlands, and

t̄he design elements do not impact or replace existing wet-

lands.
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Grass/vegetated swales

Notch or orifice
Upper limit water level Inlet
Undisturbed native soil

dams
rLt.s.

Longitudinal Section

~eeUlders- enerov dissipators
low check dor~"

3:1 max.
Freeboard

Undi~tvj~d native soil wRh
Section At Check Dam                                                     vegeta~ve cover

24" rain,

Conditions, dimensions, and materiak shown are ~tpica[ Modifications may be required for proper application, consult qualified pmj~ssional.

Grass/vegetated swales. An alter- solids (including heavy metals and nu-¯ Pollutant removal effectiveness can be
native to lined channels and pipes, grass trients), oil and grease, maximized by increasing residence
and vegetated swales are vegetated time of water in swale.
earthen channels that convey and infil-Applications

trate water and remove pollutants. ¯ Swales require approx. 1200 square¯ Incorporate systems that temporarily

feet minimum per impermeable acredivert flows to allow for maintenance.
{harncteristics (i.e., they will occupy an area equal to

Longitudinal slope Optimal longitudi-
¯ If properly designed and maintained,at least 2.75% of site’s total imperme-hal slope is approximately 2% at bot-

swales can last for at least 50 years, able area)
tom of the swale. Low slopes reduce

¯ Can be used in all types of soil. In claȳ A single grassy swale can drain approxi-public hazards and limit erosion by

or impermeable soils, swale may re-mately 4 acres of land. Multiple swales reducing water velocities and increase
quire an underdrain to keep maximumwould be required to drain a larger site. pollutant removal by increasing resi-
water residence time below 24 hours, dence time.

In sandy or highly permeable soils,
¯ Parking lot medians, perimeters of

swale may require soil amendments to impervious pavements. For slopes < 1%, install an underdrain
to limit standing water in swale.

maintain dense turf or vegetation. ¯ Street and highway medians, edges (in

¯ When swales are not holding water, lieu of curb and gutter, where appro- Install check dams approximately ev-

they appear as a typical landscaped
priate), ery 50 to 100 feet on slopes between

4% and 6% to reduce velocity.
area.                                 ¯ In combination with constructed treat-

. Pollutants and water are filtered by ment systems or sand filters. Do not use swales on slopes greater
than 6%.

grass/vegetation and removed by in-Dosign
filtration into soil. ¯ Grass swales move water more quicklyInstalling turf block bottoms on grass

¯ Swales remove suspended solids, thethan vegetated swales. A grass swale is swales can minimize wet, muddy con-

pollutants that are adsorbed onto the planted with turf grass; a vegetated
swale is planted with bunch grasses,
shrubs or trees.
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Grass/vegetated swales, continued

Conditions, dimensions, and materiah shown are tTpi,’aZ Modifi,’ations may be required for proper application, consult qualified professional.

ditions that hinder maintenance activi- Both trees and shrubs can be located mum residence time of 24 hours
ties. adjacent to swales, and on the banks (mosquitoes genera.fly require 48 hours

Side slope 3:1 (horizontal:vertical) or
of larger swales, to breed and hatch).

shallower, to limit erosion and to ira- If planted with turfgrass, provideM,.inten,,n,e
prove maintainability, supplementalirrigation, to keep swalē Grass swale maintenance includes

Residence time 9 minutes achieves ap-
green year round, mowing and removing clippings and

litter; vegetated swales may require ad-proximately 80% removal of total sus-Establishment If establishing vegetation
pended solids (TSS). during the dry season, it must be ditional maintenance of plants.

planted at least one month prior to thē Periodically remove sediment accumu-Inlet Sheet flow or multiple dispersed beginning of the rainy season and irri- lation at top of bank, in swale bed, orinlets are better than a single inlet, gated to promote establishment until behind check dams.
If a single inlet (pipe or curb cut) is regular rains begin. ¯ Monitor for erosion and reseed grassnecessary, design an energy dissipatorIf establishing vegetation during the or replace plants, erosion control net-and flow spreader (such as cobbles or wet season, divert stormwater runoff ting and mulch as necessary.gravel) where water enters the swale to from the swale during the first rainy
reduce erosion and maintenance. ¯ Fertilize and replace turf well in ad-season in which the vegetation is be-

Planting Select plant species that can ing established, vance of rainy season to minimize wa-

survive through both periods ofinun- Erosion control measures such as net-
ter quality degradation.

dation and periods of drought, ting or blankets may be used to aidE,enemi,$

A variety of grass species, including na- establishment. ¯ Grass swale construction cost per lin-
ear foot $4.50-$8.50 (from seed) totive and non-native, can together pro-Mosquito prevention Design for maxi- $15-20 (from sod), compare to $2 perduce a swale turf that is adapted to

varying site environments (see table), inch of diameter underground pipe

140 Start at the Source

C--096675
C-096675



e.g., a 12" pipe would cost $24 per lin-
ear foot). Grass species for swales

¯ $0.75 annual maintenance cost per lin- There are many alternatives to conventional tu~rass suitable for use in
ear foot

vegetated swales.
Examples/resources

¯ 10.9 acre site drains parking lot and Scientific Name Festuca rubra ~
roofrunoffinto swales. BT Office Sup- Common Name Molate/Red fescue
ply Warehouse, 6601 Overlake Place,
Newark, CA. Agrostis exerata ~ Hordeum brachyantherum ~

Bentgrass Meadow barley
¯ Parking lot and roof runoff drains to

swale at office building. 3150 Porter Bromus carinatus ~ Hordeum brachyantherum salt
Drive, Palo Alto, CA. California Brome Meadow barley salt

¯ Santa Clara Valley Water District of-
rices. 5750 Almaden Blvd., San Josd, Buchloe dactyloides Juncus spp.
CA. Buffalo Grass Rushes

¯ Landscape Architecture Technical In- Elymus triticoides Stipapulchra ?~
formation Series (LATIS), Vegetated Creeping wildrye Purple needle grass
Swales, 1999.

Festuca idahoensis Vulpia myuros v. hirsuta ~
Idaho fescue, Blue bunchgrass Zorro annual fescue

t CaIifbrnia native
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Extended detention (dry) ponds

//7~ Ernbqnkment side slopeSide slopes no steeper than 3:1 --~ r~ _._____,..~_.
no s~eeper ~on 3:1

~ Embankment
Foreboy

Low flow ohonnel
Side slopes 3:1 max. ~ Mointenonce occess

Vegetated sides and bottom

Conditions, dimensions, and materidls shown are typical, Modifications nay be required j~r proper application, consult quaBficd professionaL

Extended detention (dry) ponds store ¯ Low to moderate removal of nutrients̄  Potential for multiple uses including
water during storms for a short period and Biological Oxygen Demand flood control basins; parks, playing
of time (from a few hours up to a few (B.O.D.). fields, and tennis courts; open space;
days), and discharge water to adjacent

¯ Pollutant removal can be maximized
overflow parking lots.

surface waters. They are dry between
storms, and do not have a permanentby increasing residence time (averageDesign

24 hours); two-stage pond design, with̄ Coordinate pond design, location, andpool of water,
the addition of wetland vegetation to use with local municipal public works

Characteristics lower stages of the pond; sediment- department and/or county flood con-
" If properly designed, ponds can have trapping forebay to allow efficient trol department to reduce potential

a lifetime of 50 years, maintenance; regular maintenance and downstream flooding.
sediment cleanout; installing adjust-

- Clay or impervious soils should not af- able gate valves to achieve target de-̄ Default conditions for safety have been
fect pollutant removal effectiveness, as tention times; designing pond outlet to fence basins with chain link. Con-
the main removal mechanism is set- to detain smaller treatment volumes sider aesthetic design elements with
tling. (less than two-year storm event), safety analyst to address pond barri-

ers, such as fencing and/or vegetation,
¯ Pollutants removed primarily throughApplications and shallow side slopes (8:1 to 12:1).

gravitational settling of suspended sol-̄ May be initially used as construction
ids, though a small portion of the dis- settling basins, but must be regradedResidence time Design pond for an av-
solved pollutant load may be removed and cleaned out before used as a post-erage residence time of 24 hours, with
by contact with the pond bottom sedi- construction wet pond. a maximum of 40 hours.
ments and/or vegetation, and through
infiltration. ¯ May be designed for both pollutantSlapes Inside basin slopes should be not

removal and flood control, greater than 3: I (horizontal:vertical),
¯ Moderate to high removal of sus- to minimize erosion and allow heavy

pended solids (sediment) and heavȳ Maybe appropriate for developments equipment access for periodic
metals, of 10 acres or larger, cleanout.
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Inlet Design energy dissipation at theMaintenance Economics
in~et to minimize erosion and promotē Regular inspection during wet season̄ Least expensive stormwater quality
settling in the forebay. A trash rack for sediment buildup and clogging of pond option available. 0-25% addi-
can be installed at the inlet to capture inlets and outlets (designing forebay tional cost when added to conven-
large debris before it enters the basin, to trap sediments can decrease fre- tional stormwater detention facilities.

Outlet Vertical risers, negatively sloped quency of required maintenance, as
maintenance energy is concentrated̄ Construction cost $0.10-$5.00 per cu-

pipes, and perforated pipes in a gravel towards a smaller area of the basin, and bic foot of storage (savings from pre-
bed are all methods of discharging paring silt basins used during construc-
water from the pond. Vertical risers less disruptive than complete clean-

tion for use as extended detentioning).have the advantage of being less sus- ponds).
ceptible to clogging. ¯ Clean inlet trash rack and outlet̄

Maintenance cost 3-5% of construc-
Vegetation Vegetation can enhance pol- standpipe as necessary,

tion cost annually.
lutant removal and the aesthetic ap-̄  Clean out basin sediment approxi-
pearance of extended detention ponds, mately once per year (this may vary
Specify emergent wetland vegetation depending on pond depth and design,
and non-wetland plants tolerant of in- and ifforebay is used). Once site is sta-
undation, bilized, annual cleaning will not likely

be needed.Mosquito prevention Minimize pond area
that has a depth less than 18 inches.    ¯ Mow and maintain pond vegetation,

replant or reseed as necessary to con-Use foundation aeration to limit peri-
trol erosion.ods of still water during detention.

Plant emergent vegetation with mini-
mal submerged growth.

Apply Bacillus (Bti) or other bacteria.
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Wet ponds

Small opening for low flow

Freeboard
Riparian vegetarian

Native soil

To S.D. or receMng water

Conditions, dimensions, and materials shown are typical Modifications may be required j~r proper application, consult qualified professionaZ

Wet ponds are permanent pools ofwa- of water in pond, amount of wetlandDesign
ter that detain and treat stormwater run- vegetation fringing the pond, and¯ Coordinate pond design, location, and
off. They can be enhanced by designing other factors, use with local municipal public works
a forebay to trap incoming debris and department and/or county flood con-
sediment, and by establishing a fringē  Pollutants are removed by settling sus-

trol department to reduce potential
wetland at the pond edge to increase pended solids, uptake by wetland

downstream flooding.
pollutant removal and enhance the aes- plants and algae, and bacterial decom-

thetic, economic, and habitat value of the position. ¯ Pretreatment may be needed to remove
trash, debris and sediments and to re-pond. Applications
duce maintenance.

Characteristics ¯ Wet ponds are appropriate for storm-
water drainage in a development or̄ For risk management, basins area of-. If properly designed, wet ponds can

last indefinitely, project with a drainage area greater ten fenced. Other alternatives to mini-
than approximately 2 acres, but aremize risk include screening vegetation

¯ Clayor impervious soils should not af- more cost effective for drainage areas and shallow side slopes (8:1 to 12:1).
fect pollutant removal effectiveness, as greater than 10 acres.

Area Surface area must equal 1% of thethe main removal mechanism is set-
tling. ¯ Landscape amenity in residential ordrainage area for high pollutant re-

commercial development with oppor- moval (e.g. 100 acre drainage area
¯ Can increase property values by pro- tunities for passive recreation (e.g., would require a 1 acre wet pond).

viding a significant landscape amenity, birdwatching, fishing, boating), and
can be combined with considerationStorage volume Design permanent pool

¯ Wet ponds provide moderate to high
to pedestrian and bicycle circulation

to store 0.5-1.0" ofrunoffper contrib-
removal of most urban stormwater pol-

to provide active recreation,
uting watershed area (a storage volume

lutants, including total suspended sol- of 1.0" ofrunoffper contributing wa-
ids, sediment, heavy metals, phospho-̄  May be initially used as construction tershed area in the Bay Area will cap-
rus, nitrogen, and B.O.D. Removal settling basins, but must be regraded ture and treat the runoff from about
rates are dependent on residence timeand cleaned out before used as a post- 75-85% of the rainstorms each year).

construction wet pond.
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Residence time In general, pollutant re-Vegetation Wet ponds may be con-Economics
moval increases as residence time in- structed with or without a fringe wet-¯ Construction cost: $0.50-$1.00 per
creases. Pollutant removal can be ac- land. If fringe wetland is not used, cubic foot of storage.
complished with a few days of resi- inundation-tolerant grass or other veg-
dence time. The California Stormwa- etation may be used on the banks.̄ Annual maintenance cost is approxi-

ter BMP Handbook: Municipal rec- However, this will lower pollutant re- mately 5% of capital cost for < 100,000
ommends that removal of very fine moval and wildlife value. Wet pond cubic feet of storage; 3% for lO0,000-

sediments and removal of dissolved nu- vegetation should consist of wetland 1,000,000 cu. ft.; 1% for > 1,000,000

trients by plants requires a minimum plants, including emergent plants, and cu. ft.

residence time of 14 days. non-wetland plants tolerant of inun-Examples/resources

Side slopes Forebay side slopes 4:1 to dation. ¯ Ponds planned to receive summer dry
allow access for heavy equipment for Where fringe wetlands are used, wet- weather flows from landscape irriga-
periodic cleanout and sediment re- land vegetation should occupy 25- tion and car washing uses in residen-
moval. 50% of the pond surface area to en- tial development. Basking Ridge, San

hance pollutant removal. Josd CA.
Permanent pool side slope 4:1 or shal-
lower if wetland vegetation will be Establish vegetation with irrigation 6̄  West Davis Ponds, Davis, CA.
planted around the edge. Shallower months prior to the rainy season, tō Parking lot and structure runoffdrain
slopes will also increase safety and wild- stabilize the wet pond prior to the rainy to wet pond in strip mall development.
life habitat value, season. If this is impossible, appro- South Napa Marketplace, Napa CA.

priate erosion control measures such
Depth Range from 3 to 9 feet maxi- as blankets, matting, or mulch may be

mum. A depth greater than 9 feet may used.
produce odor generated from deple-
tion of oxygen in bottom sediments.Maintenanco

Length to width ratio Minimum 3:1 ¯ Check facility annually and after each

length:width ratio, baffles separating
major storm for erosion and debris.

inflow and outflow pipes, and small̄  Approximately every 2-5 years (when
islands will help avoid flow short cir- 10-15% of storage volume has been
cuiting, lost), remove sediment from forebay

Inlet and Outlet Energy dissipation and main pool. Studies generally in-

should be used to minimize erosiondicate that pond sediments meet

and promote settling in the forebay,
sludge toxicity limits and can be safely
disposed of as normal landfill.

A weir overflow should be used to pass
high-return period (50- or 100- year) ¯ Replant or reseed as necessary to con-

trol erosion.flows through the pond and to avoid
erosion and flooding.                 ¯ Provide supplemental water in sum-

mer, if required.
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Plant species selection for infiltration areas

Lowest zone Middle zone Highest zone

Conditions, dimensions, and materials ~hown are typical Modifications may be requiredj~r proper application, consult qualified professional.

Plant species selection for infiltration as well as during dry periods. ¯ Slightly more attention to mainte-
areas can improve the infiltration poten- nance and care of plant material may
tial of landscape areas as well as improvē Select the appropriate plant for the use,be required than in non-infiltration
the aesthetics of design, water cycle, and aesthetic go’als, areas.

Characteristics
" Consider sight-line and other require-

Economics
¯ Deep rooted plants help to build soil

ments for parking lots and street-sidē  Riparian and native plant material spe-
porosity,

plantings,
cies are approximately 20% more ex-

¯ Include mulch cover in planting areas, pensive to purchase than common
¯ Leaf surface-area helps collect rainwa- landscape species.

ter before it lands on the soil, especiallyMaintenance
in light rains, increasing the overall wa-̄ Maintenance can have a significant ira-̄  Changing from the leaf blower main-
ter holding potential of the landscape, pact on soil permeability and its abil- tenance practice to more manual prac-

¯ Select species that are tolerant of moist ity to support plant growth. If the soil tices may increase labor cost.
is exposed or bare, it can become sosoils or periodic inundation, as well as hot that surface roots will not grow indrought if planted without supple-

mental irrigation, the upper 8 to 10 inches, where the
majority of small absorbing roots lie.

_~=plications The common practice of removing all
¯ Applicable to all treatment devices that leaf litter and detritus with leaf blow-

incorporate plant materials, ers creates a hard crusted soil surface
of low permeability and high heat con-

Design duction. Proper mulching of the soil
¯ Select appropriate plant species de-surface improves water retention and

pending on zone ofinnundation: low- infiltration, while protecting the sur-
est, middle, and highest, face root zone from temperature ex-

¯ Most plants and grasses require initialtremes.

irrigation during establishment period,
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Plant Species for Infiltration Areas

Most infiltration and detention basins are designed to remain inundated for less than 48 hours (drawdown time). The following trees and

shrubs tolerate wet soil and periodic inundation, and may be suitable for planting in basins and biofilters depending on regional hardiness

and other factors. This list is not all-inclusive, and draws from both native and exotic species. Local riparian habitats may provide

additional native species suitable for wet locations.

Highest Zone

Acer negundo Box Elder Salix spp. Willow

Acer rubrum Red Maple Sequoia sempervirens Coast Redwood

Acer saccharinum Silver Maple Taxodium distichum Bald Cypress

Alnus spp. Alder Thuja occidentalis Arborvitae

Betula spp. Birch

Carya illinoensis Pecan Middle Zone

Carya ovata Buttonbush Comus stolonifera Redtwig Dogwood

Casuarina spp. She-Oak Gaultheria shallon Salal

Clethra arborea Lily-of-the-Valley Equisetum hyemale Horsetail

Cornus stolonifera Redtwig Dogwood Ferns (many spp.) Fern

Diospyros virginiana Persimmon Iris (many spp.) Iris

Eucalyptus camalduensis Red Gum Mimulus Monkeyflower

E. citriodora Lemon Gum Miscanthus sinensis Japanese Silver Grass

E. erythrocorys Red-Cap Gum Myoporum parvifolium Myoporum

Fraxinus latifolia Oregon Ash "Putah Creek’

Gleditsia triacanthos Honey Locust Myrica Pacific Wax Flower

Liquidambar s~yraciflua Liquidambar Salix spp. Willow

Liriodendron tulipifera Tulip Tree Vaccinium Huckleberry

Magnolia grandiflora Southern Magnolia

M. virginiana Sweet Bay Lowest Zone

Melaleuca quinquenervia Cajeput Tree Acorus gramineus Acorus

Nyssa sylvatica Tupelo Carex spp. Sedge

Picea sitchensis Sitka Spruce Deschampsia caespitosa Tufted Hairgrass

Platanus x acerifolia London plane Iris (many spp.) Iris

Platanus occidentalis Sycamore Leucothoe davisiae Sierra Laurel
P. racemosa

California Sycamore Scirpus cernuus Bulrush

Populus deltoides Cottonwood Juncus spp. Rush

Pterocarya stenocarpus Wingnut Tradescantia virginiana Spiderwort

Quercus macrocarpa Bur Oak Typha latifolia Common Cattail

Q. palustris Pin Oak

Table adapted from Harris (1992), Sunset Western Garden Book (1988), and ABAG (1995b)
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This document illustrates an approach and philosophy towards Next Steps

site planning and design for stormwater management. The de-
9.1 Frequently asked questions

sioon details and siteplanningprinciples presented here areproven,    9.2 Getting started
9.3 Keys to success

practical methods for reducing the impact of new development    9.4 Resources

on environmental quali~

This approach seeks to restore the hydrologic cycle by infilwating

runoff into the soil as close to its source as possible, h proposes

simple site planning principles to cluster development, preserve

natural areas, and avoid development on j~agile lands. It accepts

impervious land coverage as an environmental indicator, and

seeks to maximize the permeability of new development. It aims

to achieve all these objectives economically while creating com-

munities that are more beautiful and desirable places to live.

The document has one goal: to create better projects. Because of

the complex nature of development, this goal can only be achieved

if developers, regulatory agencies, local governments, designers,

contractors, maintenance staff, and others in the real estate in-

dustry work cooperatively.
Communities can be built that reward

investment, are kind to the natural
Each group active in development can take a series of steps to

environment, and make better places
create better projects.

for people to live.
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Frequently asked questions

9.1 Frequently asked questions. The techniques described What about expansive clay soils that don’t infiltrate?

in this document have three basic goals:
The Bay Areas expansive clay soils - with their high runoffpo-

- to minimize or reduce overall impervious land coverage,tential and low infiltration rates - present special challenges.
- to ensure that remaining impervious areas are not di-Also, because these soils have a high swelling potential, care must
rectly connected to a storm drain system as far as lea-be taken to prevent damage to foundations from saturated soils.
sible, and Though infiltration may not be feasible, retention and deten-
- to slow runoffwithin a drainage system, tion strategies that hold water for later release are often practi-

cal. Minimizing impervious land coverage and directly-con-
Because this approach is different than the conventional storm-
water management approach of conveying water offsite asnected impervious areas are also viable strategies, even in ex-

quickly as possible - "getting rid of the water" - it often raisespansive clay soils.

questions. A few of the most frequently asked questions are ad-
dressed below.

You recommend reducing street widths by adopting "neo-tra-
dltional" standards. How is that going to help?

If pollutants infiltrate into the soi~ will there be a problem
The street is the single most important design element in sitewith contaminated soil or groundwater in the long term?
planning. Reducing street widths can reduce over~l impervious

Not usually, especially in residential areas. The risk ofcontami-land coverage significantly. For example, most Bay Area mu-

nation is a function of a compound’s relative mobility, concen-nicipal street standards mandate between 80 and 100% imper-

tration, and solubility. In residential areas, the concentrationsvious surface coverage in the right-of-way for streets, curb, gut-

of most pollutants are generally low, and capturing them in theter and sidewalk. If new standards are adopted for the most

ground where they will eventually degrade is usually the bestlightly traveled local streets, impervious surface coverage can be

way to manage them. A recent study published by the U.S. EPAreduced by 25 to 60%. This alone helps to reduce the genera-

found that residential areas pose the least risk of groundwatertion of"new" runofffrom a proposed development. If the street

contamination from infiltration practices. This study found thatdesign includes alternative stormwater collection strategies, such

the risk from compounds with greatest potential for groundwa-as linear biofilters and infiltration basins rather than standard

ter pollution - nitrate-nitrogen, pesticides, organic compoundscatch basins and storm drains, the pollution generated by re-

and heavy metals - was generally low provided that runoffper-hicles can be controlled near its source.

colates through the soil layer. Runoff from some sites in resi-
~7hat about cost? Aren’t these designs expensive to build?dential communities with higher concentrations of pollutants,

such as car wash facilities and service stations, may not be suit-These designs emphasize source control because it’s the cheap-
able for infiltration, est form of pollution control. Treatment control systems - col-

If water is standing in pools, won’t they breed mosquitoes? lecting pollutants and treating them at the end of a pipe before

the outfall - are more expensive to build and maintain, and

Not if the pools are properly designed. All of the techniquesrequire treating greater quantities of runoff.

described in this document that utilize surface drainage - such

as infiltration basins, biofilters, and detention basins - can beOf the source control designs illustrated here, costs vary. Some

designed to dry up within 48 hours of a storm. Even an ex-designs, like concave vegetated surfaces or sloping driveways

towards adjacent landscape rather than towards curbs and gut-tended retention basin, which is a semi-permanent pool that
holds water for two or three weeks, should be designed to dry    ters, are cost neutral. Others, like gravel parking aisles, are less

up in the spring before temperatures are warm enough to breed    costly than conventional pavements. Cluster development, a

mosquitoes.
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Frequently asked questions, continued

strategy for minimizing overall impervious land coverage, canFor example, Village Homes, in Davis, California was built in
be less expensive than conventional development because of re-the mid-1970s using a surface drainage system that includes
ductions in roadway and utility requirements. Some of the tech-infiltration basins in private gardens, community lawns and

niques, such as pervious concrete, do add cost when comparedchildren’s playgrounds connected by a continuous network of
to conventional materials, but these costs can sometimes be off-seasonal swales and pools. For over twenty years this system has

set by savings generated by not having to install an undergroundfunctioned successfully in a residential environment with no

drainage system, injuries or litigation associated with the storm drain system.

Aren’t these designs more expensive to maintain? And who’sWhere can I get more copies of this manual?
responslble for maintaining them, anyway?

Call your local stormwater program (see Resources, p. 154).
Though some of the design details need special maintenance,They can get you more copies of this manual and help you to
many of them don’t. For example, a lawn with a gently slopingimplement its design philosophy into your project.
concave surface requires the same maintenance as one that is

convex. Yet the concave lawn holds water, making it a stormwa-I need more technical information. Where can Iget it?

ter management device, while the convex lawn sheds water,
making it a contributor to "new" runoff. Overall, the mainte-    This document contains general technical information and de-

nance requirements of the designs recommended here can be    sign guidance. For more technical information, see the Resources
section and the bibliography.comparable to conventional practice, though they may require

a different kind of maintenance.

Maintenance responsibility will depend on the control’s design
and location. Some controls located on private property, such

as a dry well or concave lawn near a home, will be maintained

by the homeowner. Other controls, such as swales or basins along

streets or in parks, may be maintained by a public agency. Still
others may be the responsibility of a homeowner’s association

or management company. In all cases adequate maintenance
and proper education are critical to the long-term viability of

each control. Once people understand the design intent of a

control, and are given guidance on its proper maintenance, ac-
ceptance increases and maintenance effort can be optimized.

What about liability?

Compared to building large, single detention basins, the ap-

proach described in these pages minimizes risk. By minimizing

impervious surface coverage and creating multiple, small basins
in the landscape, overall runoff is reduced, and the runoff that

remains is held in small, shallow pools for limited periods of
time. These small source controls, if properly designed and

maintained, present very limited risk.
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Getting started

9.2 Getting Started. The following lists illustrate the wide CI use these principles and techniques in siting and design-
range of options available that each of the groups active in de- ing government facilities.
velopment can take to begin implementing guidelines for bet-The building industry
ter site planning and design. The lists are not meant to be man-

IZi think of water as an amenity to be featured rather than a
dates or all-inclusive, but to serve as a menu for each commu-
nity to select from depending upon priorities, resources, and

liability to be gotten rid of or a hazard from which the

local conditions,
public must be protected

!~l market the stormwater system as a landscape feature that
Regulatory agencies can improve product competitiveness

CI promote education and exchange of information on
stormwater management ~ explore techniques that have proven successful elsewhere,

but have not yet been widely used in the Bay Area
CI create a regulatory environment that facilitates the imple-

mentation of better stormwater management practices ~1 work cooperatively with local governments to build pro-
totype projects that demonstrate better stormwater man-

~1 assist local governments in the monitoring and evalua- agement practices
tion of alternative stormwater management practices

[ZI invest in designs and materials that may have a higher
CI recognize and reward projects that take risks and that          initial cost, but that yield long-term value

embrace better stormwater management practices.
~1 educate landscape crews on maintenance practices for

Local governments stormwater infiltration systems and soil health
CI adopt standards and alternatives for design and storm-

water management, such as impervious surface reduc- ~1 exhibit a willingness to take risks in order to advance the

tion and on-site stormwater infiltration or detention industry and improve the environment.

~ establish an incentive program to encourage alternativesDesign professionals

that achieve water quality goals ~ invest in continuing education to learn about better
stormwater management practice and design

Ci establish a penalty program for projects that do not
achieve water quality goals ~1 educate clients and approval bodies on the principles and

CI adopt access street standards for low volume, access streets
advantages of designing developments for better storm-
water management

~ adopt drainage standards and details that permit surface
drainage and infiltration/retention systems in combina- ~ test designs and approaches to ensure successful imple-

tion with conventional underground conveyance systems mentation

CI review zoning and other ordinances for driveways, set- CI conceive of the drainage system as a fundamental design
backs, lot coverage, and other factors to accommodate element to be creatively explored
more environmentally responsible land use

CI complete post-construction review of built projects to
~1 modify maintenance practices on public lands and in the evaluate long-term performance of stormwater system

public right-of-way to accommodate stormwater infil- designs
tration/detention systems

CI practice continuous incremental improvement ofstorm-~1 build a culture of environmental stewardship across all
departments and offices                                        wa{er system designs and detailing.
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Keys to success

9.3 Keys to success. Site planning and design for stormwa-Construction documents stage
ter management involves the coordination of many disciplines ~1 ensure details and specifications are coordinated across disci-
and activities. Building successful projects requires careful fol- plines (e.g. civil engineering and landscape architecture)
low-through from concept to design to construction and main-

IZI if plans call for unconventional detailing, such as notchedtenance,
curbs or porous asphalt, be sure they are clearly and boldly

Conceptual stage identified on the drawings as different from conventional

~1 be sure to understand site constraints, local microclimates, details (or contractor may not notice the difference)

and soil conditions CI double-check all calculations for proper sizing and function

~1 determine regulatory environment and which particular Ci if using manufactured products, such as turf block or
design strategies are favored by regulatory agencies catch basin inserts, take advantage of manufacturer’s de-

~1 have a preliminary meeting between the development sign consultation services, if available

team and local government officials to discuss overallConstruction stage
stormwater management goals and strategies ~1 hold a pre-bid meeting with all contractors to review prin-

~1 consult local stormwater program to learn what has cipal design elements and site conditions

worked (and what hasn’t) in a local area. CI hold a pre-construction meeting with selected contrac-

Design stage tor to review construction documents in detail, especially

IZI establish a stormwater management awareness among all details that differ from those conventionally used

disciplines in the design team ~ explain to the contractor the design intent of the various

I~1 hold regular cross-discipline coordination meetings to stormwater management designs- if they understand why

evaluate overall stormwater management solutions as something is designed a certain way, they are more likely

design develops to build it the way it’s designed

CI consult with local nurseryperson or horticulturist to de- ~ insist on meeting with the job foreman, not just the

termine appropriate plant material selection for the site’s contractor’s estimator or client service representative- the

microclimate foreman will be the one actually supervising the work

~ verify that stormwater systems are sized appropriately for ~ make periodic site visits during construction to ensure

the given water quality volume, and that residence time that designs are being correctly implemented

will be within acceptable limits Post-construction stage

~1 carefully coordinate related design elements, especially CI hold a project closing meeting with the contractor to

-underground utilities and surface drainage verify that designs were correctly implemented and to

- curb cuts and catch basins learn how they could be improved

- materials and pavement selection ~1 hold a meeting with the owner or the owner’s mainte-
- downspouts, area drains and roof drains nance staff to explain the stormwater system
- grading of roads, parking and adjacent landscape areas

CI provide the owner and the maintenance staffwith a Man-
~1 check proposed stormwater solutions with geotechnical agement Handbook describing how the stormwater sys-

engineer to verify suitability given site soil conditions tern is designed to work and how to maintain it

CI make post-occupancy visits to evaluate long-term performance
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9.4 Resources. The following resources are available for fur- California Regional Water Quality Control Board
ther information and assistance with particular aspects of site San Francisco Bay Region
planning and design for stormwater management protection. 1515 Clay Street, Suite 1400

Oakland, California 94612
Regional water resources and pollution prevention 510 622.2300
Bay Area Stormwater Management Agencies Association
(BASMAA) Central Valley Region
1515 Clay Street, Suite 1400 3443 Routier Road, Suite A
Oakland, California 94612 Sacramento, California 95827
voice: 510 622.2300 916 255.3000
www.basmaa.org

California Environmental Protection Agency
Alameda Countywide Clean Water Program State Water Resources Control Board
510 670.5543 901 P Street

Sacramento, California 95814
Contra Costa Clean Water Program                            voice: 916 657.1025
925 313.2360                                              fax: 916 657.2127

San Mateo Countywide Stormwater Pollution Prevention Local planning and development
Program Association of Bay Area Governments (ABAG)
650 599.1406 P.O. Box 2050

Oakland, California 94604-2050
Vallejo Sanitation and Flood Control District voice: 510 464.7900
707 644.8949 fax: 510 464.7970

info@abag.ca.gov
Fairfleld-Suisun Urban RunoffManagement Program
707 429.8930 Out-of-state planning and pollution prevention

Site Planning for Urban Stream Protection
Marin County Stormwater Pollution Prevention Program available from Department of Environmental Programs
415 485.3363 Metropolitan Washington Council of Governments

777 N. Capitol Street N.E., Suite 300
Santa Clara Valley Urban Runoff Pollution Prevention Washington, DC 20002
Program voice: 202 962.3200
800 794.2482

The Center for Watershed Protection
8391 Main Street
Ellicott City, Maryland 21043
voice: 410 461.8323
New document for planning and zoning: Rapid Watershed
Planning Handbook: A Comprehensive Guide for Managing
Urbanizing Watersheds. October 1998.
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Resources, continued

Nonpoint Education for Municipal Oflqcials (NEMO) Low-Impact Development Design Manual
Univ. of Connecticut Cooperative Extension System Department of Environmental Resources
1066 Saybrook Road, Box 70 Prince George’s County, Maryland

Haddam, Connecticut 06438
voice: 860 345.4511 On-site Residential Stormwater Management Alternatives

fax: 860 345.3357 Dept. of Civil Engineering
University of Washington

Technical documents 3201 Fremont Avenue North
California Stotvn Water Best Management Practice Handbooks Seattle, Washington 98103
Stormwater Quality Task Force (Roesner, Walker, et. al.). 206 543.5539

available through Blue Print Service, Oakland, CA.

510 287.5485 Impervious Suueace Reduction Study

City of Olympia Public Works Department

Design and Construction of Urban Stormwater Management EO. Box 1967
Systems Olympia, Washington 98507-1967

American Society of Civil Engineers Manuals and Reports ofvoice: 360 753.8598
Engineering Practice No. 77 fax: 360 753.8087

Water Environment Federation Manual of Practice FD-20

jointly published by ASCE and WEF, 1992 Time-Saver Standards for Landscape Architecture, second ed.

by Charles W. Harris & Nicholas T. Dines, co-editors

Urban Runoff Quality Management McGraw-Hill Publishing Company, New York, 1998.
WEF Manual of Practice No. 23

ASCE Manual and Report on Engineering Practice No. 87 Traffic Engineering for Neo-Traditional Neighborhood Design

jointly published by American Society of Civil Engineers Institute of Transportation Engineers (ITE)

(ASCE) and the Water Environment Federation (WEF) 525 School Street, S.W., Suite 410

voice: (WEF) 703 684.2400 Washington, DC 20024-2729

www.wef.org voice: 202 544.8050

www.asce.org fax: 202 863.5486

www.ite.org

Stormwater Infiltration
by Bruce K. Ferguson
CRC Press

Boca Raton, FL

Methodology for Analysis of Detention Basins for Control of
Urban Runoff Quality

Environmental Protection Agency (EPA-440/5-87-001)
Washington, DC

Economic Benefits of Runoff Controls
Environmental Protection Agency. (EPA 841-S-95-002)

Washington, DC
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The followingpages provide supplementary information for those
Appendices

seeking more detail on residential site planning and design guid- A. 1 Glossary. Relevant terms and acronyms used in the text

and common to stormwater management issues.
ance for stormwater quality.

A.2 Bibliography. A listing of relevant documents on site

planning and design for stormwater management. These

The appendices were adapted from a variety of technical sources documents address a wide range of approaches to cur-
rent practice, including engineering, environmental sci-

drawn~om throughout the United States. ence, landscape arcitecture, planning, horticulture, real

estate marketing and development.

A.3 Footnotes. References for information cited in the text.
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Glossary

Access streets The lowest order street in the hierarchy of streets,to minimize the negative effects of land development on animals

it conducts traffic between individual dwelling units and higher and plants and their habitats.

order streets (such as collector and subcollector streets). Access
Building footprint Commonly used term to describe the ground

streets convey the lowest traffic volume, and are prime candidates
area that a building covers.

for reduced street widths.
Catchment The smallest watershed management unit, defined

Alternative modes of transportation Modes of transportation
as the area of a development site to its first intersection with a

other than the single passenger automobile, such as transit,

bicycling, carpooling, and walking,
stream, usually as a pipe or open channel outfall,

Check dam (a) A log or gabion structure placed perpendicular to
Alternative surfaces Pavement types other than conventional

a stream to enhance aquatic habitat. (b) An earthen or log
asphalt or concrete. Examples include porous pavement and

structure, used in grass swales to reduce water velocities, promote
pavers,                                                           sediment deposition, and enhance infiltration.

Amenity Something that increases material or physical comfort.
Cluster Development A development pattern for residential,

Aquifer The underground layer of rock or soil in which commercial, industrial, institutional, or combination of uses, in

groundwater resides. Aquifers are replenished or recharged by which the uses are grouped or "clustered," through a density

surface water percolating through soil. Wells are drilled into transfer, rather than spread evenly throughout the parcel as in

aquifers to extract water for human use. conventional lot-by-lot development. A local jurisdictions

Critical Area Program may authorize such development by
Arterial street A street that provides a direct route for long-

distance travel within the region and also to different parts of the
permitting smaller lot sizes if a specified portion of the land is

kept in permanent open space to provide natural habitat or open
city. Traffic on an arterial street is given preference at intersec-

space uses through public or private dedication.
tions, and some access control may be considered in order to

maintain capacity to carry high volumes of trafflc. Collector street Acts as the primary traffic route within a

residential or commercial area.
Average daily traffic (ADT) The average total number of

vehicles that traverse a road or highway on a typical day. OftenConstructed wetland An artificial wetland system designed to

used to classify and design roadway systems, mitigate the impacts of urban runoff.

Best Management Practice A method, activity, maintenance Contamination. The impairment of water quality by waste to a

procedure, or other management practice for reducing the degree that creates a hazard to public health through poisoning or

amount of pollution entering a water body. The term originatedthrough the spread of disease.

from the rules & regulations developed pursuant to the federal
Cul-de-sac A circular section located at the end of an access

Clean Water Act (40 CFR 1 30).
street that permits vehicles to turn around.

Bioretention A technique that uses parking lot islands, planting
Curbs A concrete barrier on the margin of a road or street that is

strips, or swales to collect and filter urban stormwater, that
used to direct stormwater runoff to an inlet, protect pavement

irlcludes grass and sand filters, loamy soils, mulch, shallow
edges, and protect lawns and sidewalks from encroachment by

ponding and native trees and shrubs,
vehicles.

Buffer A zone created or sustained adjacent to a shoreline,

wetland or stream where development is restricted or prohibited
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Density The average number of families, persons, or housing permeability caused by compaction during construction or

units per unit of land, usually density is expressed "per acre", modifications in contours, including the filling or drainage of

small depression areas; the alteration ofdrainageways, or
Design storm A rainfall event of specified size, intensity, and

regrading of slopes; the destruction of forest; or the installation
return frequency (e.g., a storm that occurs only once every 2

of collection systems to intercept street flows or to replace swales
years) that is used to calculate runoffvolume and peak discharge

or other drainageways.
rate.

Filter fabric Textile of relatively small mesh or pore size that is
Detention The temporary storage of storm runoffwhich is used

used to (a) allow water to pass through while keeping sediment
to control discharge rates sufficiently to provide gravity settling

of pollutants,
out (permeable), or (b) prevent both runoff and sediment from

passing through (impermeable).

Detention time The amount of time water actually is present in
Filter strips A vegetated area that treats sheetflow and/or

a basin. Theoretical detention time for a runoff event is the
interflow to remove sediment and other pollutants. Used to treat

average time parcels of water reside in the basin over the period
shallow concentrated stormflows over very short contributing

of release from the basin.
distances in urban areas.

Drainage basin (see Watershed A land area bounded by high
First flush The delivery of a disproportionately large load of

points, which drains all surface water into a single stream or
pollutants during the early part of storms due to the rapid runoff

other body of water,
of accumulated pollutants. The first flush of runoffhas been

Effective Impervious Surface The portion of impervious surfacedefined several ways (e.g., one-half inch per impervious acre).

that generates stormwater runoffwhich must be managed or

directed to a stormwater conveyance system, rather than
Forebay An extra storage space provided near an inlet of a wet

pond or constructed wetland to trap incoming sediments before
infiltrating into the ground,

they accumulate in the pond.

Ephemeral stream A stream or waterway that holds water only
Grassed channel A long, open, and grassed channel used to

for a few hours or days, and dries up shortly after rain storms.
convey stormwater runoffto a downstream point. It is designed

Erosion The wearing away of land surface by wind or water, to filter out pollutants during water quality storms, and also

Erosion occurs naturally from weather or runoff but can be convey large storm events.

intensified by land-clearing practices related to farming, residen-
Green space The proportion of open space in a cluster develop-

tial or industrial development, road, building, or timber cutting.
ment that is retained in an undisturbed vegetative condition.

Evapotranspiration The loss ofsurf’ace water into the atmo-
Groundwater Water stored underground that fills the spaces

sphere, through plants and evaporation,
between soil particles or rock fractures. A zone underground

Excess parking Parking spaces that are constructed over and with enough water to withdraw and use for drinking water or

above the number required or predicted based on the parking other purposes is called an aquifer.

demand ratio for a particular land use or activity
Habitat The specific area or environment in which a particular

Excess stormwater runoff Any increase in stormwater resultingtype of plant or animal lives. An organism’s habitat must provide

from: an increase in the imperviousness of a site, including all all of the basic requirements for life and should be free of

additions to buildings, roads, and parking lots; changes in harmful contaminants.
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Hammerhead A "T" shaped turnaround option for lightly 502(14) of the Clean Water Act (e.g., forest practices, agricu!-

traveled residential streets. Creates less impervious cover tural practices, on site sewage disposal, automobiles, and

compared to a circular cul-de-sac, recreation’al boats), kVhile individual sources may seem insignifi-

cant, they may contribute pathogens, suspended solids, and
Headwater stream A term for the smaller first and second order

tributary streams in a drainage network,
toxicants which result in significant cumulative effects.

Non-renewable resources Resources that are not naturally
Heat island effect The increase in ambient temperatures

regenerated or renewed.
generated by heat radiating from paved surfaces exposed to

sunlight. Nonstructural control A practice that does not require construc-

tion of a facility to control urban runoff.
Hydrology The science of the behavior of water in the atmo-

sphere (air), on the surface of the earth, and underground. NPDES National Pollutant Discharge Elimination System, a

provision of the Clean Water Act that prohibits discharge of
Impermeable Not able to be infiltrated by water.

pollutants into waters of the United States unless a special permit

Impervious surface Any surf’ace which cannot be effectively is issued by EPA, a state, or another delegated agency.
(easily) penetrated by water. Examples include pavement,

Open space A portion of a cluster development that is set aside
buildings, compacted soils, and rock outcrops.

for public or private use and is not developed with homes. The

Imperviousness The percentage of impervious cover within a space may be used for active or passive recreation, or may be
development site or watershed, reserved to protect or buffer natural areas (see also green space)

Infill Developing vacant parcels or redeveloping existing Perennial streams A stream channel that has running water
property to achieve higher density in urban areas as an alternativethroughout the year.

to development in outlying rural areas.
Performance criteria Technical standards that govern the develop-

Infiltration The downward entry of water into the surface of thement process that are based on meeting general objectives for

soil, as contrasted with percolation which is movement of waterdesign, rather than prescribing rigid, uniform and detailed design

through soil layers, requirements.

Infiltration basin A concave vegetated surface (e.g., pond, swale)Permeable A type of soil or other material that allows passage of

designed to hold water so that it can gradually infiltrate into the water or other liquid.

soil.
Permeable surfaces Areas characterized by materials that allow

Interconnected streets Street system that allows traffic to stormwater to infiltrate the underlying soils (e.g., soil covered or

circulate within neighborhoods instead of creating cul-de-sacs vegetated areas)

and dead end streets that result in disconnected residential areas.
Pervious A soil or material that has the specific quality of

A grid pattern of blocks is a typical example.
allowing the passage of water or other liquid.

Nonpoint source pollution Pollution that enters water from
Point Source Pollution A source of pollutants from a single

dispersed and uncontrolled sources, such as rainfall or snowmelt
point of conveyance, such as a pipe. For example, the discharge

moving over and through the ground rather than single, identifi-
from a sewage treatment plant or a factory is a point source.

able sources. A nonpoint source is any source of water pollution

that does not meet the legal definition of point source in sectionPollutants A chemical or other additive that adversely alters the
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physical, chemical, or biological properties of the environment, building).

Porous pavement Asphalt or concrete paving material consistingSheetflow A flow condition during a storm where the depth of

of a coarse mixture cemented together with sufficient intercon- stormwater runoff is very shallow in depth and spread uniformly

nected voids to provide a high rate of permeability, over the land surface. This sheet flow quickly changes into

concentrated channel flow within several hundred feet.
Premium An additional charge for real estate property with an

amenity such as a water view or a view of wooded land. Steep slope An area of a development site that is too steep to (a)

safely build on or (b) has a high potential for severe soil erosion
Receiving waters Lakes, rivers, wetlands, and coastal waters that

receive runoff,
during construction.

Recharge Area A land area in which surface water infiltrates soil
Stormwater conveyance A system of gutters, pipes, or ditches

used to carry stormwater from surrounding land areas to
and reaches to the zone of saturation, such as where rainwater

constructed or natural drainage systems.
soaks through the earth to reach an aquifer.

Stormwater runoff Rain that flows off the surface of the land
Recharge Infiltration of surface water to groundwater.

without entering the soil.

Retrofit To provide or add new equipment, parts, or techniques
Structural control A practice that involves design and construc-

unavailable at the time of original construction.
tion of a facility to mitigate the adverse impact of urban runoff,

Riparian Area Habitat found along the bank of a natural and and often requires maintenance.

freshwater waterway, such as a river, stream, or creek, that
Subdivision The process (and the result) of dividing a parcel of

provides for a high density, diversity, and productivity of plant
raw land into smaller buildable sites, streets, open spaces, and

and animal species,
public areas, and the designation of utilities and other improve-

Runoff Water from rain, melted snow, or agricultural or ments. Critical Area regulations govern the density and design of

landscape irrigation that flows over the land surface, new subdivisions.

Runoff coefficient The runoffcoefficient determines the Subwatershed Awatershed management unit whose boundaries

portion of rainfall that will run off the watershed. It is based on are typically defined as all of the land draining to the point where

the permeability and water-holding capacity of the various two second order streams combine together to form a third order

surfaces in the watershed. The runoff coefficient value, expressedstream. A subwatershed may be a few square miles in area, and

as C, can vary from close to zero to up to 1.0. A low Cvalue are the key geographic unit for urban stream classification and

indicates that most of the water is retained for a time on the site,watershed- based zoning,

as by soaking into the ground or forming puddles, whereas a
Surface water Water on the surface of the land that has not

high C value means that most of the rain runs off rapidly.
infiltrated the soil including streams, lakes, rivers, and ponds.

Setback A zone designated to protect sensitive areas from
Swale An open drainage channel that has been explicitly

negative impacts associated with development.
designed to detain or infiltrate the entire runoff volume associ-

Shared parking A parking strategy designed to reduce the totalated with a water quality storm event.
number of parking spaces needed within an area, by allowing

Trip generation rate A statistic that indicates the number of
adjacent users to share parking areas during non competing

vehicular trips that are taken from an average dwelling unit in a
hours of operation (e.g., a shared lot for a theater and an office
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particular land use category on a typical day. For example,

studies have shown that one single family home generates about

10 trips per day.

Unbuildable lands The portions of a development site where

structures cannot be located for physical or environmental

reasons (e.g., easements, open water, steep slopes, floodplains,

wetlands and stream buffers).

Unit Pavers Concrete grid and modular pavement whose spaces

are filled with pervious materials such as sod, sand, or gravel.

Water table The upper surface of groundwater or the level below

which the soil is saturated with water. The water table indicates

the uppermost extent of ground water.

Watershed (see Drainage basin) The geographic region within

which water drains into a particular river, stream or body of

water. A watershed includes hill, lowlands, and the body of

water into which the land drains. Watershed boundaries are

defined by the ridges of separating watersheds.

Wet pond Pond for urban runoffmanagement that is designed

to detain urban runoff and always contains water.

Zoning A set of regulations and requirements which govern the

use, placement, spacing, and size of land and buildings within a

specific area (zone).
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"The more we study stormwater runoff, the more we realize the
critical role site planning and design play in our ability to reduce
the impacts of development on the quality of our nation’s waters.
This manual is a significant step in teaching planners and devel-
opers to plan for water quality."

Thomas E. Mumley
California Regional Water Quality Control Board

San Francisco Bay Region
Urban Runoff Program Manager

"BASMAA’s Start at the Source guidance manual is a pioneering
effort which focuses on the importance of considering storm wa-

ter quality in the early stages of planning new residential develop-
ment in the San Francisco Bay area."

Community Planning & Envirnomental Committee

Consulting Engineers and Land Surveyors
of California (CELSOC)

"Through its integrative approach and illustrative method, Start
at the Source shows how new development can be designed and
built to meet functional and market demands while protecting
water resources."

ISBN 0-828 L- ~,33 ~,-9

American Society of Landscape Architects
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